PROCEEDINGS 


AMERICAN PHILOSOPHICAL SOCIETY 
HELD AT PHILADELPHIA 
FOR PROMOTING USEFUL KNOWLEDGE 


Vou. XLII. APRIL, 1904. 


General Meeting, April 7, 8 and 9, 1904. 
Apri, 7.—MorninG Session, 10 A.M. 
President Smiru in the Chair. 


The President opened the General Meeting with a brief 
Address of Welcome. 

A letter was received from the Committee of Organiza- 
tion of the Fourteenth International Congress of Americanists, 
to be held in Stuttgart, August 18 to 23, 1904, inviting the 
Society to be represented at the Congress by a delegate; and 

Also from the International Zoological Congress, to be held 
at Berne, August 14 to 19, 1904, inviting the Society to be 
represented by delegates at the Congress. 

On motion, the President was requested to appoint delegates 
to these Congresses. 

From the President of the American Academy of Political 
and Social Science, inviting the members to attend the 
sessions of the Academy on April 8 and 9. 

The following papers were read: 

“Dimethyl Racemic Acid, Its Synthesis and Derivatives,” 
by Prof. H. F. Keller, of Philadelphia. Discussed by Prof. 
George F. Barker. 

“The Réle of Carbon,” by Prof. Albert B. Prescott, of Ann 
Arbor, Mich. 
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“Sources of Error in the Determination of the Atomic 
Weight of Nitrogen,’ by Prof. Theodore W. Richards, of 
Cambridge, Mass. Discussed by the President. 

“The Constituents of the Venom of the Rattlesnake,” by 
Prof. John Marshall, of Philadelphia. Discussed by Mr. 
Joseph Willcox, Prof. William B. Scott and Dr. Marshall. 

“'Trisulphoxyarsenic Acid,” by Prof. LeRoy W. McCay, 
of Princeton. 

“The Atomic Weight of Tungsten,” by Prof. Edgar F. Smith 
and Mr. F. F. Exner, of Philadelphia. Discussed by Prof. 
Barker and Prof. E. J. Houston. 

“The Expansion of Algebraic Functions at Singular Points,” 
by Prof. Preston A. Lambert, of Bethlehem, Pa. Introduced 
by Prof. C L. Doolittle. 


AFTERNOON Session, 2 P.M. 
Vice-President Scorr in the Chair. 


“The Continuum and the Theory of Masses,” by Prof. I. J. 
Schwatt. Introduced by Prof. C. L. Doolittle. 

“An Attempt to Correlate the Marine with the Fresh and 
Brackish Water Mesozoic Formations of the Middle West,’ 
by Prof. John B. Hatcher, of Pittsburg, Pa. Discussed by 
Profs. Osborn, Seott and Heilprin. 

“The Miocene Rodentia of Patagonia,’ by Prof. William 
B. Scott, of Princeton, N. J. Discussed by Prof. Osborn. 

“Recent Advances in Our Knowledge of the Evolution of 
the Horse,” by Prof. Henry F. Osborn, of New York. Dis- 
cussed by Profs. Conklin, Heilprin, Scott and Mr. Willcox. 

“The Yukaghir Language,’ by Mr. Waldemar Jochelson, 
of New York. Introduced by Dr. Franz Boas. Discussed by 
Dr. Franz Boas. 

“The Horizontal Plane of the Skull,” by Dr. Franz Boas, 
of New York. 
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“The Silurian Fauna of Arkansas,’ by Mr. Gilbert 
van Ingen. Introduced by Prof. W. B. Scott. 

“Palladium,” by Mr. Joseph Wharton, of Philadelphia. 
Discussed by Mr. Willcox and Prof. Baskerville. 


EvENING Session, 8 P.M. 
‘(At the Free Museum of Science and Art, University of Pennsylvania.) 
President Smiru in the Chair. 


The following paper was read: 

“Pompeii and Saint Pierre: An Examination of the Plinian 
Narration, and Other Studies’”’ (with lantern slide illustra- 
tions), by Prof. Angelo Heilprin, of Philadelphia. 


Fripay, Aprit 8.—Morninec Session, 10 A.M. 
Vice-President BARKER in the Chair. 


The following papers were read : 

“The Reflex Zenith Tube,” by Prof. Charles L. Doolittle, 
of Philadelphia. Discussed by Prof. Snyder and Dr. 
Brashear. 

“Faint Double Stars,” by Mr. Eric Doolittle, of Philadel- 
phia. 

“On the Spectra and General Nature of Temporary Stars,” 
by Prof. William W. Campbell, of Mt. Hamilton, Cal. Dis- 
cussed by Dr. Brashear and Dr. Barker. 

“Systems of n Periplegmatic Orbits,’’ by Prof. Edgar Odell 
Lovett, of Princeton. Introduced by Prof. C. L. Doolittle. 

“Radium from American Ores,”’ by Prof. A. H. Phillips, 
of Princeton, N. J. Discussed by Mr. Joseph Wharton and 
Profs. Barker and Phillips. 





MINUTES. [April 7, 8 and 9, 
EXECUTIVE Session, 12.15 P.M. 


President Smiru in the Chair. 


The report of the Committee appointed to prepare a plan 
for the appropriate celebration of the bi-centennial of the birth 
of Benjamin Franklin was presented, and on motion the Com- 
mittee was continued with power to carry out the plan. 

The pending nominations for membership were read and 


the Society proceeded to an election. 


AFTERNOON Session, 2 P.M. 
President Smiru in the Chair. 


The Tellers reported that the following candidates had been 
elected to membership: 

Residents of the United States— 

Maurice Bloomfield, Ph.D., LL.D., Baltimore. 

Henry Pickering Bowditch, M.D., LL.D., Se.D., Jamaica 
Plains, Mass, 

Edward Potts Cheyney, A.M., Philadelphia. 

Russell H. Chittenden, Ph.D., New Haven. 

Frank Wigglesworth Clarke, 8.B., Se.D., Washington. 

John Chalmers DaCosta, M.D., Philadelphia. 

Kuno Francke, Ph.D., Cambridge, Mass. 

Adolphus W. Greely, U.S.A., Washington. 

Preston Albert Lambert, Bethlehem, Pa. 

Edgar Odell Lovett, Ph.D., LL.D., Princeton. 

Edward Leamington Nichols, Ph.D., Ithaca. 

Hon. Theodore Roosevelt, Washington. 

Samuel W. Stratton, Washington. 

Harvey W. Wiley, A.M., M.D., LL.D., Washington. 


Foreign residents— 
Friedrich Delitzsch, Berlin. 
Sir Richard C. Jebb, Cambridge. 
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Ernest Rutherford, Montreal. 

Jakob Heinrich Van’t Hoff, Berlin. 

Wilhelm Waldeyer, Berlin. 

The following papers were read: 

“A System of Passenger Car Ventilation,’’ by Dr. Charles 
B. Dudley, of Altoona, Pa. Discussed by Mr. Willcox, Dr. 
Marshall and Prof. Heilprin. 

“Atmospheric Nucleation,” by Prof. Carl Barus, of Provi- 
dence, R. I. Discussed by Profs. Kraemer, Conklin and 
Snyder. 

“On the Classification of Meteorites,’ by Dr. Aristides 
Brezina, of Vienna. 

“Doliolum and Salpa,” by Prof. William Keith Brooks, of 
Baltimore. Discussed by Prof. Conklin. 

“On the Breeding Habits of the Spade-Foot Toad (Scaphi- 
opus solitarius),” by Dr. Charles Conrad Abbott, of Trenton. 
N. J. 

“On the Occurrence of Artifacts Beneath a Deposit of Clay,” 


by Dr. Charles Conrad Abbott, of Trenton, N. J. 
“The Organization of the Germ Cells and Its Bearings on 
Evolution,” by Prof. Edwin Grant Conklin, of Philadelphia. 
“The Origin and Nature of Color in Plants,” by Prof. Henry 
Kraemer, of Philadelphia. 


SaTurRDAY, Apri, 9.—MorninG Session, 10 A.M. 
President Smiru in the Chair. 


“The Establishment of Game Refuges in the United States 
Forest Reserves,” by Mr. Alden Sampson, of Haverford, Pa. 
Discussed by Profs. Morse and Hewett, Dr. Brashear and 
the President. 

“The Use of the Relative Pronouns in Standard English 
Writers,” by Prof. Waterman T. Hewett, of Ithaca, N. Y. 





102 PRESCOTT—THE ROLE OF CARBON, [April 7, 


Discussed by Dr. Brashear, Prof. Morse, Mr. Yarnall and Prof. 
Hewett. 

“The Effect of the American Revolution Upon the English 
Colonial System,” by Mr. Sydney George Fisher, of Philadel- 
phia. Discussed by Mr. Stuart Wood. 

“The Hedonic Postulate,” by Prof. Lindley M. Keasbey, 
of Bryn Mawr, Pa. Discussed by Mr. Stuart Wood, Prof. 
Doolittle, Mr. Richard Wood and Prof. Keasbey. 


“Results of the American Ethnographical Survey,” 


by 


Prof. Marion D. Learned, of Philadelphia. Discussed by Mr. 
Rosengarten, Mr. Richard Wood and Mr. R. P. Field. 
“Regulation of Color-Signals in Marine and Naval Ser- 
vice,” by Dr. Charles A. Oliver, of Philadelphia. 
“The Ripening of Thoughts in Common,” by Prof. Otis T. 
Mason, of Washington. 


THE ROLE OF CARBON. 


BY ALBERT B. PRESCOTT. 
(Read April 7, 1904.) 


It may be said of any one of the chemical elements that it acts a 
part of its own in the formation of matter and the manifestation of 
energy in the world. A chemical element taken as it is, aside from 
questions of i‘s genesis and its decay, stands out before exact meas- 
urement as an innate individual factor in the production of things 
throughout the universe. Whatever there is now being brought to 
light between matter and the ether or the electrons, at all events 
the chemical elements taken in their atomic quantities are the 
present facts upon which further inquiry must rest its advances. 

The behavior of an element is an experimental constant, however 
progressive may be the theories by means of which men of science 
may pursue their studies. The present is for some reasons a time 
profitable for us to recount certain of the salient characteristics of 
that chemical element named at the head of this brief paper. 

The registration of carbon compounds in M. M. Richter’s Lexi- 
con, amounting to 80,000 in the year rgoo and since increased by 
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the addition of two supplements, presents for our consideration 
something besides the choice of man in the direction of his chemi- 
cal research. These advancing thousands of individual combina- 
tions, of determinate molecular weight and fixed elemental compo- 
sition, give us evidence of the chemical productivity of carbon and 
of its character in relation to the other elements. 

We need to keep before us the place of carbon among its rela- 
tives in the periodic system. Central as it is in its electric polarity 
and in the order of its valence, the leading member of a group 
holding an equilibrium among the other groups, its place is that of 
a balance of power. But an element, preéminently this element, is 
more than the occupant of a place, more than a mere number in a 
progressive system, a mere function of a weight; it is all of these 
perhaps, but if so it is more: it is an individual. Carbon is not 
wholly exceptional, however, neither in the sense of an entire lack 
of the variability of neighboring elements, nor in that of being the 
only one whose atoms can at all unite to each other in the forma- 
tion of chains. It is by virtue of both its central position and its 
independent character that it appears, when in combination, as the 
element in command. 

We must recognize the fact, without explanation, that the 
unusual ability of carbon to unite its atoms in chains is dependent 
upon their union with hydrogen, whose aid is thereby indispensable 
to the organic world. Carbon is formed for complexity only when 
supported by the unvarying unity of hydrogen, and by this support 
is provided the great capacity of carbon for extensive molecular 
structure. 

The science of chemistry, and therefrom all physical science, has 
been enriched by experimental studies of molecular constitution. 
These are studies of determinate facts, and it is but a consistent 
expression of these facts that is undertaken in structural formulz or 
even in the atomic theory itself, as used in the work of chemists. 
The several differences, for instance, between dimethyl ether and 
ethyl alcohol, two individuals of the composition C,H,O, are differ- 
ences of fact. We give statement in the figurative language of the 
structural formula and of the atomic theory to the actual nature of 
the one as an ether and of the other as an alcohol. It isa discov- 
ered truth that in the alcohol one-sixth of the hydrogen is united to 
the oxygen more intimately than the other five-sixths of the 
hydrogen are united to the oxygen. It is a truth that in the ether 
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the union of each sixth of the hydrogen to the unit of oxygen is the 
same. Were chemists to abandon structural formulz, were they to 
go further and desert the atomic theory, all the facts heretofore 
communicated would remain to be told if possible in other terms to 
the eye and ear. 

There has been some reaction against the devotion paid to mole- 
cular constitution, and there may well be a protest against certain 
besetting tendencies in the teaching of this subject. Both teacher 
and investigator ought to be on guard against the assertiveness of 
the structural formula. Let us welcome as a corrective the in- 
creasing service of empirical formulz, the appearance of the formula 
index once a year in the journals, the constant uses of the Lexicon 
of Carbon Compounds, and the adoption of empirical formule 
frequently for summation and comparison as well as for contrast. 
Of course I refer only to these formulz when of determined mole- 
cular weight, and we must recognize that no small share of the 
. vantage ground in organic chemistry since 1890 is indebted to the 
new methods of molecular weight determination. 

It is the nature of the carbon atom that has made attractive to 
chemists the work they have done upon molecular structure. It 
was long ago established that the character of a compound depends 
partly upon what elements unite to make it and partly upon the 
order of their union. No atom in a molecule is wholly without 
influence upon every other however remote. And as to the effect 
of any element in a compound, it is a fair conclusion that the num- 
bers of its atoms within the molecule count for something, the rela- 
tive position of its atoms may count for more, the structural 
concentration of its atoms will count for most. 

When the nature of the proteids and other matters manifesting 
life shall become known we may be sure that molecular constitution 
will be included in that knowledge. We may be sure that the 
carbon atom, or some theoretical equivalent of what we now term 
the atom, will be a very determinate part of the question. This is 
not to say that chemical synthesis alone can compass vitality, but 
rather that vitality must still depend upon the chemical constitution 
of the vitalized material. We cannot speak lightly of the limits 
of what may come to be defined as the molecule, or count confi- 
dently upon future restrictions of its extent. We may well admit, 
however, that the rim of the molecule wherever placed must 
continue to bound the province of chemical study. 


Ann Arbor, Mich., March 317, 1904. 
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DIMETHYL RACEMIC ACID: ITS SYNTHESIS AND 
DERIVATIVES. 


BY HARRY F. KELLER AND PHILIP MAAS. 
(Read April 7, 1904.) 


In the course of an investigation on diacetyl, the simplest diket- 
one of the aliphatic series, Fittig’ and one of us obtained a crystal- 
lized acid of the composition C,H, ,O, + H,O, which they recog- 
nized as a dimethyl derivative of racemic acid. Continuing the 
work on diacetyl, we prepared the diketone on a larger scale, and 
it occurred to us to utilize the accumulated residues for a more 
extended study of dimethyl racemic acid. In view of the close 
relationship and the striking resemblance which this compound 
bears to the tartaric acids, and of certain interesting questions which 
had been suggested in the original research, it seemed well worth 
while to take up this line of work. Unfortunately the time we 
could devote to it has been very limited, so that the results we have 
to present are somewhat fragmentary, and much remains to be done. 

The conversion of diacetyl into the desired acid was effected by 
the same process as that employed by Strecker in his well-known 
synthesis of racemic acid, that is by successively treating the diket- 
one with hydrocyanic and hydrochloric acids. Thus 


OH 


/ 
CH ,—C—0O-+ HCN CH, —C-CN 


! == I 
CH, —C—O-+ HCN CH,—C-CN 
mi, 
OH 


OH OH 


/ 
__CH,—C—COOH , 


CH, C— CR 
l 

CH, —C—CN 
‘\ N 

OH OH 


+ 4H,0 + 2HCl = + 2NH,Cl 


CH, —¢ — COOH 


These reactions, consisting in the addition of hydrocyanic acid 
to an aldehyde or ketone, followed by ‘“‘ saponification ’’ or hydro- 
lysis of the resulting cyanhydrin, are regarded as generally appli- 
cable to aldehydes and ketones and are, of course, familiar to every 


1 Liebig’s Annalen der Chemie, Vol. 249, p. 208, 
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student of organic chemistry. Nevertheless only meagre descrip- 
tions of the manner in which they have been applied in the various 
cases are to be found in the special literature of the subject, and 
no little difficulty was experienced in ascertaining the conditions 
favorable to the formation of the dicyanhydrin of diacetyl and its 
conversion into dimethyl racemic acid. 

Numerous and varied were the attempts to effect a quantitative 
union of the diketone with hydrocyanic acid, but in no case did 
the yield of the dicyanhydrin exceed 30% of the theoretical. 
large quantities of other products, among them the monocyan- 
hydrin, were always formed. The method generally recommended, 
that of Wislicenus and Urech,! in which the compound containing 
the ketonic group, CO, is made to react with hydrocyanic acid 
in the nascent state, gave very poor results, and the only way in 
which larger quantities of the desired product could be obtained, 
was that originally used by Fittig and Keller. 

It consists in mixing diacetyl with aqueous hydrocyanic acid. 
The best results were obtained by adhering to the following direc- 
tions: The diketone in portions of about 20 grammes is gradually 
added to a 30% solution of hydrocyanic acid, the heat of the 
reaction being checked by cooling with water. The mixture is 
then placed into a pressure bottle and heated in the water bath at 
about 60° for some hours. The product of the reaction may now be 
extracted with ether (in which it is quite soluble), or it may be 
directly converted into dimethyl racemic acid by treating the solu- 
tion with hydrochloric acid. The former seems preferable, since 
it facilitates the purification of the final product. 


The saponification of the crystallized dicyanhydrin presents no 
difficulties. Recent experiments have shown that it proceeds 
rapidly and nearly quantitatively, when the substance is heated with 
ordinary hydrochloric acid uader pressure at 100°. After remov- 
ing the excess of hydrochloric acid by evaporation on the water 
bath, the residue, containing much ammonium chloride and some 
tarry matter, is dissolved in water, the solution filtered, and the 
filtrate carefully neutralized with baryta water. It is then boiled 
with further additions of baryta (to decompose the ammonium 
chloride), and allowed to stand after having been made slightly 
acid with acetic acid; barium dimethyl racemate separates as a 


1 Liebig’s Annalen der Chemie, Vol. 164, p. 255. 
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characteristic crystalline precipitate. Its separation may be pro- 
moted by the introduction of a few particles of the solid salt. 

The free acid is readily obtained from this barium salt by means 
of sulphuric acid. The theoretical quantity of the latter, diluted 
with water, is added to the finely powdered substance, and the 
mixture heated with occasional stirring. When the decomposition 
appears complete, the barium sulphate formed is filtered off, and 
the filtered solution evaporated to crystallization. The dimethyl 
racemic acid thus prepared generally forms large transparent crys- 
tals, and is easily purified by repeated crystallizations. This pro- 
cess of extracting the dimethyl racemic acid from the products of 
the action of hydrochloric acid and diacetyl dicyanhydrin, is more 
convenient and gives a better yield than that described by Fittig 
and Keller. More than 60 grammes of material have been made 
by its means. 

Properties of Dimethyl Racemic Acid.—The physical properties 
of the acid have been accurately described by its discoverers, and 
little can be added here to their description. Although remarkably 
fine crystals have been repeatedly obtained, a definite determina- 
tion of their form remains to be made. There is reason, however, 
for believing that racemic acid is mo¢ isomorphous with its dimethyl 
derivative. Contrary also to a previous statement, it has been 
observed that when crystals of dimethyl racemic acid are kept for 
a long time they do effloresce, though far more slowly than those 
of racemic acid. 

The water of crystallization is completely expelled at 105°, rede- 
terminations of its amount gave 9.05% and 9.12 %; theory requires 
9.18%. Above 11o® there is a further loss of weight, owing no 
doubt to a slow decomposition of the molecule. 

The solution of dimethyl racemic acid in water, like that of other 
synthetic compounds containing assymetric carbon atoms, is opti- 
cally inactive. 

Salts of Dimethyl Racemic Acid.—With the very limited amount 
of acid at their disposal, Fittig and Keller were able to prepare but 
a small number of the salts, and three of these only were obtained 
in a pure state and in quantities sufficient to permit analytical 
determinations. The data thus secured were, however, sufficient 
to confirm the composition of their acid, and to establish its close 
analogy with the tartaric acids. At the same time certain anom- 
alies in the composition and some of the properties of the dim- 
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ethyl racemates were observed, which rendered a more elaborate 
study of these salts desirable. This was the object in the experi- 
ments recorded on the following pages. 

The neutral salts of sodium, potassium and ammonium, which are 
very soluble in water, were made by neutralizing weighed portions 
of the acid with calculated quantities of the alkaline carbonates or 
ammonia, and evaporating to crystallization. 

Sodium dimethyl racemate, C,H,O,Na, + 4H,O, forms minute, 
efflorescent needles. A freshly prepared specimen yielded 23.85% 
of water, while two others which had been exposed to the air for 
some time, gave 17.65% and 16.14% respectively. Theory re- 
quires 24.48%. The amount of sodium in the anhydrous salt was— 


Required. Found. 
20.75 % 


Both the meutra/ and the highly characteristic acid potassium 
salt have been previously described. A new determination of the 
potassium contents of the latter gave 17.87%, instead of 18.05% 
required. 

The ‘ Rochelle Salt ’’ of dimethyl racemic acid appears to have 


the composition C,H,O,KNa + 2H,O. Its preparation and analy- 
sis were attended with many difficulties. On neutralizing the acid 
potassium salt with sodium carbonate and carefully evaporating the 
solution, a homogeneous crop of crystals was obtained, but on further 
evaporation the liquid deposited a mixture of efflorescent prisms 
and wart-like aggregations of clear anhydrous crystals. An analysis 
of the first product yielded— 


Requireu. Found. 
12.00 % 
16,12 * 


Na “ «“ “ 5 9.49 * 


Unlike the salts of the alkali metals, those of the alkaline earth 
and heavy metals are insoluble or nearly insoluble in water, though 
in a few instances they are difficult to precipitate. Many of the 
insoluble salts contain water of crystallization, which they tena- 
ciously retain at high temperatures. In some cases the composi- 
tion corresponds to that of the racemate, in others there are notable 
differences both in composition and properties. 

The calcium salt which, owing to its great insolubility, was 
recommended by Fittig and Keller as the most delicate means of 
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recognizing the presence of dimethyl racemic acid, is at once pre- 
cipitated when calcium acetate or gypsum solution is added to that 
of one of the soluble salts. It may be obtained in a crystalline 
form by dissolving it in hydrochloric acid and reprecipitating with 
sodium acetate. Its composition varies considerably according to 
the conditions under which it is formed. The water of crystalliza- 
tion is not completely expelled below 215°, a temperature just 
below incipient decomposition. The following are a few of the 
analyses made of this salt: 


Required. Found. 
1mol.H,O 1% mol. H,O a Il, III. 
7-65 % IL.11% 97-38% .... 11.39% 
16.46 17.20% 16,12 16,33 


The dartum salt, C,H,O, Ba + 2 H,O, shows a remarkable re- 
semblance to the corresponding racemate, from which it differs, 
however, in that it contains one-half molecule less of water of 
crystallization. This point has been established by comparative 
analyses of both compounds. The results were— 


Racemate. Dimethyl racemate, 
Required. Found. Required. found. 
H,O ....13.64% 13.52% 10.32% 10.12% 10.42% 
41. 10 “ 39-25 “ 39-14 * 39.16 « 


Magnesium salt, C\H,O,.Mg + H,O. A white bulky precipitate. 
The air-dried substance gave— 
Required. found, 
7.06% 
10.95 “ 


Manganese salt, CSHH,O,Mn +- %4H,0. Forms a crystalline 
precipitate having a faint pink tint. The formula is derived from 
these results : 


Calculated. Found. 
3-72% 
22.97 “ 


The zinc salt, C,H,O,Zn +- H,O, is obtained as a granular, 
white precipitate when zinc acetate is added to an alkaline salt of 
dimethyl racemic acid. It is almost insoluble in water and in 
dilute acetic acid. Determinations of the water of crystallization 
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in different preparations of the salt indicate that it can crystallize 
with either one-half mol. or one mol. of water. One specimen 
yielded 3.76% and 3.55% H,O (3.60% corresponding to 3% mol.), 
while the analysis of another gave these results : 


Calculated. Found. 
6.87 % 
25.18 » 25.26 “ 


Several attempts to estimate the zinc electrolytically gave lower 
results, it being found impossible to effect a complete deposition of 
the metal from a cyanide solution of the salt. 

Cobalt and nickel salts. A curious difference was repeatedly 
noticed in the way in which these compounds separated from the 
solutions in which they were formed. The cobalt salt is invari- 
ably precipitated in the cold, and nearly quantitatively, from the 
liquid, while the solution in which the nickel compound is formed 
remains perfectly clear for days or weeks even, until it is heated or 
evaporated ; a precipitate or residue is then formed which is about 
as insoluble as the cobalt compound. Both salts deposit as crystal- 
line crusts ; the color of the cobalt salt is a fine purple, that of the 


nickel salt apple-green. Both contain one molecule of water of 
crystallization, and their compositions correspond to the formule 
C,H,O,Co + H,O and C,H,O,Ni + H,O. 


Calculated. Found. 

6.13% and 6.74% 

23.09 23.34“ 

6.73 * 6.85 * 

23.19“ 22.70 *5 
The metals were determined both as sulphates and electrolytically. 
Cadmium sait. This is very similar to the zinc salt, but differs 
from the latter in being anhydrous. Its weight remains constant 
to above 160°. Its solution in potassium cyanide was electrolyzed 
without any difficulty, and the electrolytic determination was 

checked by one in which the cadmium was weighed as oxide. 


Required, Found. 
4 Il. 
OE i. ccrccerscrcccscec Smos® 39.20% 38.78% 
Lead salt, C\H,O,Pb + 2H,O. In the earlier part of this inves- 
tigation, considerable quantities of this compound were obtained as 
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an intermediate product in the preparation of pure dimethyl 
racemic acid. Its formation and properties have been described by 
Fittig and Keller, who were unable, however, to spare any of their 
material for analysis. 

A carefully prepared specimen afforded the following determi- 


nations: 
Required. Found. 


TRAP cicincsscnoukes shpekeessrehaien 8.59% 8.52% 
49.22° 


The copper salt is anhydrous. When a solution of copper acetate 
is added to a soluble dimethyl racemate, the liquid remains per- 
fectly clear, but on acidifying it with acetic acid, a light green 
amorphous precipitate is produced. It is probable, therefore, that 
this copper compound when first formed exists in the colloidal state. 
The weight of the air-dry salt remained constant on heating; 
it yielded— 

Calculated. Found. 
26.49 % 


Silver salt. A voluminous and amorphous precipitate, which 
becomes denser on standing and darkens when exposed to light, 


results upon addition of silver nitrate to a neutral solution of the 
sodium salt. It is likewise anhydrous. 


Calculated. Found. 
54.76 % and 54.92 % 


When we compare the above results with the composition and 
properties of the corresponding tartrates, and more particularly the 
racemates, we are forced to admit that the acid obtained from dia- 
cetyl bears the closest resemblance to the group of isomeric com- 
pounds, of which it is the dimethyl derivative. Such differences 
as have been observed between dimethyl racemates and racemates 
are no greater (if indeed as great) than those known to exist 
among the salts of the several modifications of tartaric acid. 

Action of Heat upon Dimethyl Racemic Acid.—It was noticed by 
Fittig and Keller that when the acid is heated to 178°—179° it 
melts with partiai decomposition, and is completely volatilized, 
without charring, when the temperature is raised sufficiently. 

Experiments, which have thus far been made on a small scale 
only, indicate the presence of at least one, and probably of two 
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acids among the volatile decomposition products. In one case a 
few grammes of the acid, contained in a miniature retort, were 
slowly heated in the paraffin bath, the volatile products being con- 
densed in well-cooled tubes. Two distinct stages in the decompo- 
sition were observed. Just above the melting point the substance 
began to boil, giving off pungent-smelling vapors. ‘The aqueous 
distillate had a strongly acid reaction, and on extracting it with 
ether and evaporating this solvent, a small quantity of necdle-like 
crystals, having acid properties, was obtained. When the residue 
in the retort was heated to about 250°, renewed boiling, and more 
vigorous than before, took place. The distillate, which was of 
course separately collected, was oily and viscous, and was found to 
consist largely of an ether-soluble acid. It has not been prepared 
in sufficient quantity to permit an analysis, The ammonium salt 
crystallizes in little prisms, and its solution yields precipitates with 
calcium, barium, lead and silver salts. The lead salt deposits in 
beautiful stellated aggregates and seems very characteristic. The 
study of the decomposition products of dimethyl racemic acid will 
be continued.as soon as enough of the starting material can be 
procured. 
Central High School, Philadelphia, 
April 7, 1904. 


TRISULPHOXYARSENIC ACID. 


BY LEROY W. MCCAY. 


(Read April 7, 1904.) 


About eighteen years ago, in order to account for the irregu- 
larities accompanying the interaction of sulphuretted hydrogen and 
arsenic acid, I assumed the existence of three sulphoxyarsenic acids 
lying between arsenic and sulpharsenic acid : 


H, AsO, 
H,AsO,S 
H,AsO,S, 
H,AsOS, 
H,AsS, 


That the monosulphoxyarsenic acid can exist in the free state I 
showed in 1886. A few months later Preis, of the University of 
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Prag, established the existence of the disulphoxyarsenic acid, and 
recently Dr. William Foster, Jr., and I have succeeded in preparing 
several salts of the trisulphoxyarsenic acid. Ever since Preis dis- 
covered the disulphoxyarsenic acid I have been convinced that the 
trisulphoxy-compound existed, and since it was the only acid 
necessary to complete the series, a great deal of experimental work 
was undertaken in order to isolate it. 

Dr. Foster' published recently the results of an elaborate investi- 
gation of the action of magnesium oxide on a mixture of equivalent 
amounts of arsenic trisulphide and sulphur suspended in water, it 
being hoped that during the reaction the magnesium salt of the acid 
would be formed in sufficient amounts to make possible its transfor- 
mation into the corresponding sodium salt, and the separation of 
this by means of alcohol. His work has served to clear up many 
matters bearing on the modes of formation of the sulphoxy- 
compounds; and although no perfectly consistent results were 
reached, sodium salts were prepared again and again whose compo- 
sition approached so closely to one corresponding to the formula 
Na, AsOS, -++ 11H,O that I felt convinced the substances were 
really impure tertiary sodium trisulphoxyarseniate. 

A few preliminary experiments having established the fact that 
freshly precipitated arsenic pentasulphide suspended in water is 
decomposed far more readily by an excess of magnesium oxide than 
a mixture of equivalent amounts of arsenic trisulphide and sulphur, 
I suggested to Dr. Foster that we conjointly make a careful exam- 
ination of the resulting solution. The proposal was a profitable 
one, for we find that the solution contains large quantities of mag- 
nesium trisulphoxyarseniate. 

The magnesium salt of trisulphoxyarsenic acid, then, is formed 
when magnesium oxide in excess acts upon freshly prepared arsenic 
pentasulphide suspended in water kept during the entire reaction at 
o° C. The change is rather slow, when the amount of arsenic 
pentasulphide is large, but it is generally complete in four to 
five hours. 

By precipitating the magnesium in solution by means of sodium 
hydroxide, as magnesium hydroxide, adding an equal volume of 
alcohol to the filtrate from the magnesium oxide and hydroxide, and 
keeping the corked flask and its contents in the ice chest, the 


1 Z. anorg. Chem., 37, 64 (1903). 
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tertiary sodium salt of the acid commences to separate out in 
feathery crystals which, in the course of twelve hours, pass over 
into fine fern-like forms. ‘The compound is purified by recrystalli- 
zation. The yields are very satisfactory. Thirty grams of As.S, 
yield about thirty grams of the impure salt. 

The compound possesses a composition represented by the 














formula 


Na,AsOS, 1111,0. 





Found. 


15.65% 


Calculated. 










sete to eeew eee eee 







"ee PO OOPS CF PT OO aE ee 16.50 * 16.84 * 
ss ob SUNOCO CW WO SESS Std sé 06 db 3-52** 3-45 “ 
as as RN wh eA Nee be Oee « bo we bes 21.16 20.74 * 








27 « 


PN 5 5 Cae AGS eRe hes ohh o's 43-60 “* 3-32 










100,00 





The tertiary potassium salt is prepared in an analogous manner. 
On the addition of the alcohol it separates out in the form of a 
light yellow oil, which, however, solidifies to a straw-colored, 
crystalline mass when kept for some hours at —20° C. 

It crystallizes with seven molecules of water : 









K,AsOS, + 7H,0. 













$y adding an alcoholic solution of strontium chloride to an 
aqueous solution of the sodium salt, the double trisulphoxyarseniate 
of sodium and strontium is precipitated in a crystalline condition : 







NaSrAsOS§, + 10H,0. 







Barium chloride produces in a solution of the tertiary potassium 
salt a crystalline precipitate of potassium barium trisulphoxy- 






arsenjate : 
KBaAsOS, +- 7H,0. 





Aqueous solutions of sodium trisulphoxyarseniate are not precipi- 
tated by strontium chloride. This reaction has been made use of 
for separating the small amount of monosulphoxy-salt which is 
occasionally thrown down along with the trisulphoxy-compound. 
Barium chloride precipitates both the di- and trisulphoxyarsenic 
acids, but the barium salt of the latter acid is more soluble than 
that of the former. The behavior of these two acids toward 
hydrochloric acid is also a means of distinguishing between them. 















1904.] McCAY—TRISULPHOXYARSENIC ACID. 115 


If a dilute solution of sodium trisulphoxyarseniate be treated with 
enough acid to render it strongly acid, then shaken violently and 
filtered, the filtrate is clear and becomes but faintly turbid on 
boiling. If a dilute solution of sodium disulphoxyarseniate of the 
same concentration be tested in a similar way, the filtrate becomes 
strongly turbid on boiling. When these tests are made in flasks 
and the flasks, immediately after the addition of the hydrochloric 
acid, are stoppered, so as to prevent the escape of the sulphuretted 
hydrogen, at the end of thirty-six hours no smell of the gas can be 
detected in the flask which contained the disulphoxy-salt, while it 
is still very pronounced in the one which contained the trisulphoxy- 
compound. These two reactions have been studied very carefully. 
It appears that the trisulphoxy-acid breaks down as follows : 
2H,AsOS, = As,S, + H,S + 2H,0; 


the disulphoxy-compound thus: 


6H,AsO,S, = As,S, + As,S, 4- 4S + 2H,AsO, + 6H,0. 


The three sulphoxyarsenic acids are not precipitated at once by 
Weinland’s! reagent, which fact serves to distinguish them from 
sulpharsenic acid. All three can be readily separated from arsenic 
acid by means of magnesia mixture which precipitates only the 
latter. The formation of these three sulphoxyarsenic acids, their 
instability and the products of their decomposition, account in a 
perfectly rational manner for all the irregularities accompanying the 
interaction of sulphuretted hydrogen and arsenic acid. This isa 
summary of our work so far as it has thus far progressed. 


Princeton, N. J., April 4, 1904: 


1 An aqueous solution of tartar emetic and Rochelle salt. 
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SOURCES OF ERROR IN THE DETERMINATION OF 
THE ATOMIC WEIGHT OF NITROGEN. 
(Contribution from the Chemical Laboratory of Harvard College.) 

BY THEODORE WILLIAM RICHARDS. 


(Read April 7, 1904.) 


The combining weight of nitrogen presents a problem of un- 
usual interest, because of the uncertainty which still clings to it, in 
spite of the careful work of some of the most accurate of chemical 
experimenters. Uncertainty of this kind implies a lack of com- 
prehension of some unknown variable or variables, and it is always 
possible that the determination of these variables may lead to the 
discovery of some new important fact or principle. Thus the 
accurate work of Lord Rayleigh in demonstrating that the less 
active gases of the atmosphere are somewhat heavier than pure 
nitrogen, led to the discovery of argon and the other inert gases. 

The data for computing the atomic weight of nitrogen are mani- 
fold, because nitrogen enters into many well-defined compounds. 
Unfortunately, however, it is always necessary to find the weight of 
the nitrogen indirectly. The most extended series of experiments 
was instituted by the great Belgian chemist Stas, who attacked the 
problem in various ways, converting silver into the nitrate, con- 
verting this nitrate into chloride, converting the nitrates of potas- 
sium and sodium into chlorides, and comparing ammonic chloride 
and bromide with pure silver. The average results of these experi- 
ments have been variously computed, the extreme estimates of the 
atomic weight of nitrogen ranging between 14 039 and 14.058 if 
the atomic oxygen is taken as 16.000.! 


‘The early work of Stas involving argentic chloride must all be rejected, 
because insufficient precautions were taken concerning its solubility. Among 
the other pertinent data obtained by him the foliowing, easily traced in Clarke’s 
convenient Recalculation of the Atomic Weights (1897), seem to me the most 
important. 

(10 = 16,000; A, = 107.930; Cl = 35.455, H = 1.0076, Br = 79.955) 
100.000 parts of silver gave 157.478 of its nitrate 
100.000 parts of silver correspond to 49.599 of ammonic chloride, ,.N 
100.000 parts of silver correspond to 90.830 of ammonic bromide. .N 
Difference, between molecular weights of alkaline nitrates and 

chlorides = 26.589 


Marignac’s work on argentic chloride and nitrate leads to a much lower value 
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Stas himself concluded from these results that nitrogen was 
almost certainly higher than 14.03, and probably about 14.045, 
basing his conclusion upon a somewhat doubtful application of the 
theory of least squares.’ 

In spite of the great care taken by Stas in this unusually extended 
investigation, it is of course not impossible that small constant 
errors might have existed in parts of the work. Stas was by no 
means infallible; his long oversight of the solubility of argentic 
chloride, the uncertainty concerning the amount of oxygen occluded 
by his silver, and his frequent use of glass vessels somewhat attacked 
by his reagents for long-continued operations, being among the 
evidences that he too was mortal. Nevertheless, it is true that Stas° 
was more precise than any one who preceded him; and his results 
cannot be overthrown without much conclusive experimental 


evidence. 

Three years ago the accuracy of one of these series’ of experi- 
ments made by Stas was impugned by Alexander Scott, namely, 
the series in which ammonic bromide was compared with silver. 


The atomic weight is computed from the result of these experi- 
ments by subtracting the weight of the bromine precipitated as 
silver bromide from the weight of the ammonium bromide, in order 
to find the weight of ammonium present. Because the bromine is 
equivalent to the silver, the ammonium previously united to the 
bromine must also be equivalent, and upon assuming the atomic 
weight of silver to be 107.93, the molecular weight of ammonium 
is easily found to be 18.078. Subtracting from this four times the 
atomic weight of hydrogen, that of nitrogen remains—namely, 
14.048 — because ammonium consists solely of nitrogen and 
hydrogen. 

Now Scott contended, with plausibility, that this particular spe- 
cimen of ammonium contained impurities, substances other than 
nitrogen and hydrogen, because Stas admits that his bromide was 
not perfectly colorless. 

These impurities would all be included in the estimate of the 


for nitrogen (14.01 to 14.02), a discrepancy which it is not easy to explain, 
unless the chloride was precipitated from a solution so concentrated as to occlude 
nitrate. The lack of details in his description makes it impossible to decide 
this question. 

1 Stas, Untersuchungen (Aronstein), p. 322 (1867). 

2 J. Chem, Soc, Trans.,79, 147 (1901). 
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weight of the nitrogen, since this is merely the remainder left after 
subtracting that of the bromine and the hydrogen. Hence, Stas’s 
estimate of the atomic weight of nitrogen is probably too high— 
how much too high it is impossible at once to decide. Some of the 
possible impurities have so powerful a color that an inappreciable 
weight of them might darken visibly an otherwise pure sample of 
salt; but an inappreciable weight could not affect the combining 
proportion, hence the error may be negligible. 

In any case it is obviously well that Stas’s experiments on 
ammonic bromide should be verified ; and the repetition was under- 
taken by Scott. His ammonium preparation was purified, as he 

. States, by drastic methods, and was beautifully clear and colorless. 
There is little doubt that, so far as the ammonium was concerned, 
the salt was purer than Stas’s. Unfortunately, however, in his 
anxiety to purify the ammonium, Scott evidently neglected to 
purify adequately the bromine which he combined with it. His 
own results prove this fact indubitably, for he found on the aver- 
age’ that 107.93 parts of silver combined with only 79.943 parts of 
his bromine,’ a figure perceptibly lower than the most probable 
value, 79.955. This latter value, computed from Stas’s work, has 
been repeatedly verified in the Chemical Laboratory of Harvard 
College during the last twelve years with only very slight variations. 
In order to show how definite the figure is, there is given belowa 
table of all our most refined recent work on this ratio.* 


1 Neglecting one imperfect experiment, 7. Chem. Soc. 7rans., 79, 147 (1901). 

? Even this weight of bromine may have bzen too high, since Scott apparently 
overlooked the danger of the inclusion of water by the argentic bromide (Proc. 
Am. Phil. Soc., 1903, 28). The fused substance is the only safe standard of 
reference. In this connection it should be noted that an impurity in Scott’s 
silver would have caused an error in the same direction. Scott seems to have 
taken more pains with his silver than with his bromine, although indeed he con- 
demns on the basis of a single analysis a method of fusing it which many others 
have found satisfactory (/. Chem. Soc. Trans., 79, 15, 1901). 


3 Clarke’s similar table, Reca/c., p. 46 (1897), is necessarily incomplete and 


includes some imperfect preliminary results, besides containing several minor 
mistakes in calculation, 7 
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Reference Proc.| Per cent, of sil- 


Compound containing No. of experi- 
Am. Acad. | ver in AgBr. 


Bromine analyzed. ments. 


Analyst, 


BaBs,........cccces.} Last sever Richards 28, 28, 29 | 57-444 
Seven és 80, 389 57-444 
Last series ‘e $1, 178 57-445 
Last seven | Cushman 83, 111 57-444 
Last five Baxter 33, 127 57-446 

Merigold 37, 393 57-447 
Richards 28, 17 57-445 

“ 80, 380 57.440 

“ 81, 165 57-444 
Cushman 33, 106 57-445 
Baxter 83, 122 57-444 
Baxter 345 353 57-447 


APMNQO.. oo vevelsniensiaaec Oslo cvcccecercslerecccccsees 57-445! 


This percentage of silver in argentic bromide corresponds to an 
atomic weight of 79.954 for bromine, if silver is taken as 107.93 ; 
and in my opinion this value is if anything rather too low than too 
high, because most of the probable errors tend to diminish it. 

This value agrees almost exactly with that of Stas’s work, and 
hence there seems little room for doubt that if silver is 107.93 bro- 
mine is between 79.95 and 79.96. Therefore Scott’s bromine 
(79.943) must have been impure, probably containing chlorine, 
which is not easy to eliminate. It is also possible that the argentic 
bromide was precipitated from too concentrated a solution and 
hence contained nitrate. This error would have affected the 
result in the same way. 

If there were no error in determining the amount of silver needed 
for the precipitation, it would be easy nevertheless to correct for 
this impurity of the bromine in the following way. Scott found 
that 107.93 parts of silver corresponded to 97.995 parts of ammonic 
halide and 79.943 parts of halogen. By subtracting the last figure 
from the one preceding it the molecular weight of ammonium is 
found, independent of the nature of the halogen, to be 18.052, and 
hence that of nitrogen 14.022. This value is considerably higher 
than that calculated by Scott on the assumption that his ammonic 
bromide was perfectly pure. Unfortunately, however, the presence 
of chlorine in the salt, by introducing the partly soluble argentic 
chloride, complicates both the determination of the amount of sil- 
ver required for the precipitation and the collection of the salt of 
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silver for weighing. Scott seems to have taken no especial precau- 
tions as regards either of these complications, hence the possible 
error of his work, even when corrected in the manner described 
above, is as great as the difference between his work and that of 
Stas. Thus it cannot be said to militate against that work, except 
in pointing out that it is possible to obtain colorless ammonic 
bromide. 

Scott also performed two analyses of ammonic chloride, which 
gave a result (14.031) more nearly like that of Stas than that from 
the bromide, but likewise somewhat lower. Since the analyses are 
hardly numerous enough to be conclusive, and since no especial 
pains seems to have been taken to prevent the injurious effect of 
the solubility of argentic chloride or the inclusion of argentic 
nitrate in the precipitate, no further attention need be given to 
this result, although it must be considered as more satisfactory 
than the preceding work on the bromide. 

No light is shed upon the doubtful situation by the conclusions 
of D. Berthelot’ and of Leduc’ concerning the density of nitrogen, 


since they depend upon the precise fulfillment of the rule of 


Avogadro, a generalization which is undoubtedly only an approxi- 
mation.* 
Other recently published results are recorded in the table below. 


Thomsen (Zettschr. Phys. Chem., 18, 398, 1894) 

Hardin (7. Am. Ch, Soc., 18, 990, 1896).....0.c000. 

Hibbs (Thesis, U. of Pa., 1896) 

Dean (/. Chem. Soc. Trans., 77, 117, 1900) 

Ramsay and Aston (CGesel/, d@. Naturforscher und Aerste, All 
(1903) 8) 

Richards and Archibald (oc. Am, Acad., 388, 469, 1903)............ 


Thomsen’s result was obtained by weighing the hydrochloric acid 
and ammonia required to neutralize one another. In my recent 
experiments on the atomic weight of magnesium, in codperation 
with Prof. H. G. Parker, it was found that hydrochloric acid gas 
is by no means easy to dry thoroughly. It is therefore not impos- 
sible that Thomsen weighed some water with his acid, thus causing 
the weight of ammonia, and hence of nitrogen, to appear too low. 


| Comp. Rend., 126, 954, 1030, 1415 and 1501 (1898). 
* Leduc, Comp. Rend., 125, 299 (1897). 
‘Ramsay and Steele, PAi/,. Mag., Oct., 1903, p. 492. 
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Among the other investigations those of Hardin and Hibbs were 
very carefully carried out, but the quantities of material used 
were so small that these experiments could hardly be expected to 
determine accurately the second decimal place of the atomic 
weight. They each weighed portions of substance containing on 
the average only about 0.05 gram of nitrogen, and hence to be cer- 
tain of a unit in the second decimal place of the atomic weights 
the weighing must be certain to within 0.00003 gram. Such pre- 
cision is almost impossible when one is using a vessel weighing 71 
grams, as Hardin did. Moreover, Hardin seems to have made no 
correction for the trace of electrolyte included in the film of silver 
which formed one of his standards of reference. 

The work of Dean depended upon the volumetric analysis of 
argentic cyanide. The method of work was too indirect to carry 
great weight, even if volumetric analysis were at best a process 
accurate enough for the degree of precision needed. 

The work of Sir William Ramsay and Miss Aston is interesting 
because it involved the analysis of unstable compounds of azoimide. 
The extraordinarily low result, a whole per cent. less than the 
usually accepted value, is not easily explained. The authors tenta- 
tively suggest once more the revolutionary assumption that the 
chemical combining proportions are not constant. This idea is 
by no means a new one, having been seriously advanced by J. P. 
Cooke in 1855' and again by Butlerov in 1882.? In both these 
older cases it is now fairly certain that there is no need of such an 
iconoclastic assumption ; in Cooke’s zinc antimonide crystals the 
solid solution of excess of antimony or zinc in the crystals was 
probablyjthe cause of the observed irregularities, and in Butlerov’s 
case the analytical data upon which the conclusions rested were 
probably faulty. Much more recently the experiments of Heyd- 
weiler have suggested that possibly a slight change in weight may 
take place during chemical reaction ; but the changes which he 
observed are so small as to be of entirely another order from this 
deficiency of a whole per cent. in nitrogen. On studying Ramsay 
and Aston’s work it seems not impossible that the hydrolysis and 
slightly reducing action of the weak and unstable nitrohydric acid,’ 
may have caused a deficiency of nitrogen in the salts which they 


1 Mem. Am, Acad., V, 23 (1855). 
2 Chem. Centralblatt, 1882, 740. 
’Curtius and Radenhausen, 7. Pr. Chem, (2), 43, 207 (1891). 





122 RICHARD3—THE ATOMIC WEIGHT OF NITROGEN. [April7, 


analyzed, and thus may have led to an underestimate of {ts atomic 
weight. Nevertheless, the case is one of those exceptional ones 
which needs further investigation before it can be cast wholly aside. 

At that time, by request of Sir William Ramsay, I made some 
preliminary experiments upon entirely a new method, namely, the 
conversion of sodic carbonate into nitrate. These led to a'value at 
least 14.02 for the quantity in question, thus concurring rather 
with the usually accepted value than with the widely deviant results 
of the English experimenters. This work has not been completed, 
and therefore need not receive further discussion. 

Still more recently, in connection with Dr. E. H. Archibald, 
still another method was tried with success." The nitrates of 
potassium and cesium were decomposed by finely divided pure 
silica, the nitric acid being completely expelled. If the atomic 
weights of these two metals are assumed to be respectively 39.139 
and 132.879 (values calculated from other accurate data), that of 
nitrogen is found to be in the two cases respectively 14.037 and 
14.040, in good confirmation of the work of Stas upon the nitrates. 
Viewed as a means of determining the atomic weight of nitrogen, 
these analyses must nevertheless be regarded as preliminary, since 
hardly large enough quantities of material were taken to attain the 
best results, although indeed the average amount of nitrogen 
weighed was ten times as great as that weighed by some of the 
previously mentioned experimenters. The real purpose in this case 
was to determine the atomic weight of cesium by a wholly new 
method, assuming nitrogen to be known. : 

On considering all these data and their possible errors discussed 
above it seems probable that the atomic weight of nitrogen is not 
less than 14.02 and not over 14.04, probably being nearer to the 
latter value than to the former. The occasional wide deviations are 
not certain enough to demand the assumption of inconstancy in the 
atomic weights, or the necessity of disbelieving in the law of the 
conservation of weight; but the irregularities which exist are 
enough to point to the desirability of further investigation. Such 
investigation could hardly fail to yield an interesting outcome, 
since any uncomprehended relation in nature must be due to some 
fact or facts not hitherto recognized. 


' Richards and Archibald, Proc. Am. Acad., 38, 458 (1903). 
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THE ATOMIC WEIGHT OF TUNGSTEN. 
BY EDGAR F. SMITH AND FRANZ F. EXNER. 
(Read April 7, 1904.) 

LITERATURE. 


Berzelius, Pogg. Ann., 8, 1 (1826); Schneider, Jr. prakt. Chemie, 
50, 152 (1850); Marchand, Ann. Chem. Pharm., 77, 261 
(1851); Borch, /r. prakt. Chem., 54, 254 (1851); Riche, /r. 
prakt. Chem., 69, 10 (1857); Dumas, Ann. Chem. Pharm., 113, 
23 (1860); Bernoulli, Poge. Ann., 277, 573 (1860); Scheibler, 
Jr. prakt. Chem., 83, 324 (1861); Roscoe, Ann. Chem. Pharm., 
162, 368 (1872); Waddell, Am. Chem. /r., 8, 280 (1886); 
Pennington and Smith, Z. f. anorg. Chem., 8, 198 (1895); 
Smith and Desi, Z. f anorg. Chem., 8, 205 (1895); Shinn, 
Thesis, University of Penn’a (1896); Schneider, /r. prakt. 
Chem., 53, 283 (1896); Hardin, /r. Am. Chem. Soc., 19, 657 
(1897); bid, 21, 1017 (1899); Thomas, /r. Am. Chem. Soc., 
2, 373 (1899); Taylor, Thesis, University of Penn’a (1901). 


The literature pertaining to this subject covers a period of nearly 
three-quarters of a century. Eight different methods have been 
used in striving to solve the problem. They are: 


1. REDUCTION OF TUNGSTEN TRIOXIDE. 


Berzelius (2). 
Schneider (5). 
Marchand (2). 
Borch (7). 
Dumas (8). 
Bernoulli (6). 
Persoz (2). 
Roscoe (3). 
Waddell (5). 
Schneider (3). 
Shinn (4). 
Hardin (29). 
A total of 78 reductions. 
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2. OXIDATION OF METAL. 


Schneider (3) 


Je 


Marchand ( 
Borch (2). 
Bernoulli (4). 

Roscoe (2). 

Pennington and Smith (9). 
Schneider (3) 

Hardin (37). 

A total of 62 oxidations. 


3. WEIGHING THE WATER FROM THE REDUCTION OF TRIOXIDE. 
Riche (2). 
Smith and Desi (6). 
4. DETERMINATION OF THE WATER CONTENT OF BARIUM 
METATUNGSTATE. 
Scheibler (5). 
Hardin (2). 
5. ANALYSIS OF TUNGSTEN HEXACHLORIDE. 


Roscoe (2). 


6. ANALYSIS OF IRON TUNGSTATE. 


Zettnow (4). 


7. ANALYSIS OF SILVER TUNGSTATE. 


Zettnow. 
8. DETERMINATION OF THE WATER IN SODIUM TUNGSTATE 
Thomas (22). 


The results obtained by the first and second methods are the 
most. numerous. The frequent employment of these methods 
would indicate the opinion to be general that they are the most 
rational. This they are, notwithstanding the want of concordance 
evident in the work of all chemists who have pursued either one of 
these methods in the attempt to solve the existing problem. Their 
sufficiency has been doubted, especially by Hardin, working in this 
laboratory. He was disposed to attribute the lack of agreement in 
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his work to volatilization of substance, both in the experiments of 
reduction of trioxide and in those in which the metal had been 
oxidized. Hardin adopted the method of purification pursued by 
Pennington and Smith, and therefore believed that the material 
with which he operated was pure; hence the errors were the 


result of imperfections in the method ‘employed. 

Pennington and Smith, cognizant of the presence of molybdenum 
in the tungsten compounds, confirmed by numerous observations of 
others, were induced to undertake a solution of the difficulty 
surrounding the atomic weight of tungsten because they noticed in 
Schneider’s communication, that when he reduced tungsten trioxide 
in a current of hydrogen ‘‘ ein weissliches Sublimat’’ appeared on 
the anterior portion of the reduction tube, which sublimate 
Schneider thought was tungsten chloride, but which Pennington 
and Smith, in the light of the discovery of molybdenum in all 
tungstates, believed was due to the latter element. They accord 
ingly purified a portion of tungsten trioxide by the plan recom- 
mended by Schneider and, after eliminating any possible molyb- 
denum content, made tungsten metal and oxidized it. They gave 
as a result of their labors probably the most concordant series of 
figures ever published for the constant in question. ‘The other 
striking feature of this series was their high value, namely 7&¢.g27. 
This was much higher than that generally considered to be the cor- 
rect value. Its rise was supposed to be due to the complete 
removal of molybdenum. Let it be noted that Pennington and 
Smith used tungsten metal from trioxide reduced in a crucible of 
platinum, and further that they used the second method only. 

The work of Smith and Desi, who used the third method, appar- 
ently confirmed the conclusions of Pennington and Smith. It may 
be said that the early work of Schneider, leading to the value 7&4, 
had been practically confirmed by subsequent investigators, so that 
the constant 78g had been looked upon for a period of forty-five 
years as the accepted atomic weight of tungsten. The experiments 
of Pennington, Smith and Desi could not fail to be regarded with 
some question notwithstanding the evident care exercised by them 
in preparing suitable material for their respective studies, and the 
conscientiousness to detail exhibited in the experimental work. 
Schneider was still living on the appearance of the communi- 
cations just referred to and in letters to one of us, as well as in a 
public print, naturally took exception, in the most courteous man- 
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ner, to the methods and to the conclusions of those who advocated 
the higher value (184.92). It is not necessary here to enter into a 
detailed review of Schneider’s second and later paper. Briefly, he 
very much doubted whether it was the complete removal of any 
molybdenum content from the tungstic acid which occasioned the 
rise in the atomic number. He also entertained grave doubts as to 
whether, in the methods employed, there were not sources of error 
which escaped these chemists. The small quantities of material 
used by, Pennington, Smith and Desi were, in the opinion of 
Schneider, contributory sources of error. 

The problem, attracting new attention to itself in this laboratory, 
led to further studies upon this subject, chief among which were the 
painstaking investigations of Hardin, extending over several years. 
Reference to these will show that few points of inquiry escaped this 
investigator, and one can readily comprehend the spirit which 
prompted him to say in his final contribution on this subject : 


**So far as known there is no perfectly reliable method for the 
determination of this constant. The method of reduction and 
oxidation is probably more accurate than any of the other methods 
which have been employed. The results obtained by it vary about 
one unit and even more in exceptional cases,’’ 


In our frequent discussions on this topic, it did seem as if search 
for new methods was absolutely required ; that these alone might be 
expected to settle the difficulty once for all. Taylor, engaged at 
the time in this laboratory upon the ammonium tungstates, noticed 
that ignited tungsten trioxide, when dissolved in a solution of pure 
sodium carbonate, left a white flocculent residue. When dissolved 
in potassium hydroxide, this residue was not so evident, and in his 
thesis (University of Penn’a, rgo1) he continues: 


‘*On standing a few hours in sodium carbonate, this residue turned 
reddish-brown. On treatment with hot concentrated hydrochloric 
acid, it (having been previously washed) broke down into tungstic 
acid, and the filtrate contained the chlorides of iron and manganese. 
To ascertain if the original ammonium tungstate would reveal the 
presence of these impurities, it was dissolved in water, feebly acid- 
ulated with hydrochloric acid, and ammonium sulphocyanate 
added. No coloration was produced. Another portion of the 
solution was boiled with hydrochloric acid, the tungstic acid pre- 
cipitated, and now the filtrate easily showed the presence of iron. 
**The residue, insoluble in sodium carbonate, appears to be a 
tungstate of iron and manganese, which probably existed in the 
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ammonium salt, as an ammonium iron-manganese tungstate, 
Laurent’ states that the mother liquor from ammonium tung- 
state contains such a salt. He ascribed to it the formula: 
{[12(NH,),O, 6MnO, 2Fe,O,, 3H,O, 45WO,, 81H,O}.’? 

‘*Borch*® analyzed this salt with the following results: WO, 
84.4%, (Fe,O, + Mn,O,) 4.6%, NH, 4.0%, H,O 7%. Laurent 
states that this complex salt is soluble in water and ammonia, and is 
peculiar in that ordinary reagents do not show the presence of 
iron, manganese or tungstic acid; further, that the salt is only 
broken down by prolonged boiling in acids or alkalies, and then 
the ingredients can be readily detected. 

** Schneider* recognized the presence of this salt in ammonium 
tungstate, and stated that it was not removed after five or six 
recrystallizations. Also that it could not be removed by the 
ammonium sulphide treatment, for slight amounts of the sulphides 
of iron and manganese are soluble in the tungsten sulpho-salt. 
Berzelius® stated that the sulphides of tungsten, iron and manganese 
form a compound which is partly soluble in water. 

‘«To remove this complex salt Schneider, purified his material 
in the following way: Tungstic acid, obtained from the sulpho-salt 
of tungsten, was boiled in agua regia, and washed in acidulated water 
till free from iron. This was dissolved in @ilute ammonia, and the 
solution precipitated by boiling hydrochloric acid, the resulting 
tungstic acid boiled in agua regia and again washed. This oxide 
was again dissolved in ammonia and again precipitated. After 
reprecipitating three times in this manner, tungsten trioxide was 
obtained free from iron. However, on dissolving the oxide in 
potassium hydroxide, a slight brown residue remained which had 
escaped all earlier tests. This he assumed was not enough to affect 
the result of his work. 

‘*Had he applied the sodium carbonate test, this residue would 
have been larger. In the recent repetition of his work,* he used 
material purified in precisely the same manner (in fact some of the 
original material), with the exception of the treatment for the elim- 
ination of molybdic acid. 

‘* Borch’ recognized this complex salt, and tried to remove it by 
fusion with potassium carbonate. 

‘* Later investigators seem not to have appreciated the difficulty 
of eliminating it. It crystallizes in part with the ammonium tung- 
state, and can scarcely be entirely removed by recrystallization. 


1 J. prakt. Ch., 42, 126 (1847). 

? Comptes rendus, 71, 693 (1850). 
3 J. prakt. Ch., 54, 254 (1851). 

4 J. prakt. Ch., 50, 152 (1850). 

5 Pogg. Ann., 8, 279 (1826). 

* 7. prakt. Ch., 161, 288 (1896). 
1]. prakt. Ch., 54, 254 (1851). 
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Ignition of the ammonium salt, and resolution in ammonium 
hydroxide will not eliminate it. Nor will ammonium sulphide 
remove it. In fact it seems likely that it has never been wholly 
extracted from any previous material. 

**The purification by Pennington and Smith’ did not remove it, 
for though closely following the method outlined by Schneider, 
and adding to it the complete elimination of molybdenum, they 
omitted the final repeated precipitations with acid. 

‘*To understand the effect of possible impurity, the following 
table is given. A molecular mixture of tungsten and the impurity 
is treated as though it were all tungsten, and the resulting atomic 
weight calculated. 

Reduction Series Oxidation Series 

Molecular Mixture. Atomic Weight. Atomic Weight. 
W + W 184 
W +! 140 
W + 2F 148 
W + 3Mn0 8 298 
Loss of Material High 


‘* A consideration of these numbers shows that: molybdenum and 
iron would produce a low value ; manganese a high value ; volatility 
a low value on reduction and a high value on oxidation. The error 
introduced by manganese is more than three times as costly as that 


introduced by iron, and more than two and a half times that intro- 
duced by molybdenum. These ratios would apply regardless of the 
proportion of the mixture. 

‘From these considerations it is believed, that the presence 
of manganese and iron will account for the high oxidation 
values, for their presence would affect the result in a twofold 
manner: Manganese through its inherent molecular changes 
[Mn,O,< +3MnQO}, and iron through its secondary action on 
the volatility. Further, that the presence of iron, molybdenum, 
manganese, and volatility will explain the numerous discrepancies 
noted in the published work on this subject. Again, since iron and 
molybdenum decrease the value, and manganese and volatility 
increase the value, and iron and molybdenum influence the vola- 
tility, it is quite possible that such a mixture of these factors might 
occur that the errors would be compensated. 

‘* Viewed in this way there still remains the necessity for deter- 
minations with material from which every trace of molybdenum, 
iron, and manganese, together with other possible impurities, has 
been removed. 

‘The method of determining atomic weights from the loss of 
carbon dioxide has been applied to a number of the elements. Its 
application to tungsten, and the special modification of the method 
necessary for accurate determinations has not been before recorded. 


1 Proc. Am. Philos. So¢., IF 332 (1894). 
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Svanberg' and Struve fused molybdenum trioxide with potassium 
carbonate and determined the loss in weight. Their value is 
nearly six units too low and the method must be considered inac- 
curate. This method was tried with tungsten trioxide and gave 
values ranging from 160to 180. The disadvantages of the method 
are that: the union takes place with considerable spattering ; the 
temperature of fusion is so high that loss by volatility is probable ; 
the alkaline carbonates when held in fusion slowly lose traces of 
carbon dioxide ; and the resulting fusion is extremely hygroscopic. 

‘* These difficulties may be obviated by combining the oxide and 
sodium carbonate in aqueous solution, and then expelling the water. 
Operated in this manner the method possesses promising value ; 
and has numerous advantages, among which may be mentioned 


that: carbon dioxide has a molecular weight of forty-four, giving 
a value for comparison nearly as great as in the simple reduction 
and oxidation method ; the union of sodium carbonate and tung- 
sten trioxide in aqueous solution takes place at a low temperature, 
and the highest temperature used in the desiccator is a safe distance 
below the melting point of sodium carbonate, so that there is little 
chance for volatilization either of sodium carbonate or tungsten 
trioxide, and-in the device used there is no chance for loss by 
spattering ; large quantities of material may be combined with as 
much ease as small; the method itself would serve for a test of the 
purity of the material ; the presence of chlorides, sulphates, sodium 
silicate, and potassium carbonate would not affect the result. The 
presence of alkaline hydroxides would ; and to prevent the possi- 
bility of this, pure sodium carbonate was saturated in solution 
with carbon dioxide, and the resulting bicarbonate heated in a 
vacuum at 300° for three hours. 


1]. prakt, Ch. 44, 301 (1848). 
PROC. AMER. PHILOS. SOC. XLIII. 176. 1. PRINTED MAY 19, 1904. 
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‘** The tungsten trioxide and sodium carbonate were combined in 
a glass bulb as in the sketch. A neutral glass is desirable for this 
purpose, and the bulb should be made of Jena glass, which will 
withstand the action of alkaline carbonates better than ordinary 
glass. If sodium carbonate dissolves the glass no error will be 
introduced, but if carbon dioxide be liberated through such solu- 
tion, then the glass cannot be used. ‘To determine this point a 
blank experiment was made, which showed that the total weight of 
the bulb and sodium carbonate remained unchanged, while 0.0017 
grams of glass were dissolved ; hence no appreciable evolution of 
carbon dioxide occurred. However, to prevent any possibility of 
such loss, a platinum bulb had better be used. 

‘It was found that moist sodium carbonate could be heated to a 
constant we ‘ight, by heating for one and a half hours at a tempera- 
ture of 300° in a vacuum ; and in this bulb the weight after stand- 
ing several days remained unchanged. To insure complete desic- 

cation the bulb was always heated double the required length of 
time. A water pump was used to produce the diminished pressure, 
and since nothing can be perfectly dried in a vacuum resulting 
from such a pump, a calcium chloride tower was introduced. But 
calcium chloride will not perfectly desiccate a gas, so that phos- 
phorus pentoxide had better be used. However, for the prelimin- 
ary experiments in hand, calcium chloride was sufficient. 

‘*The method of procedure was as follows: some sodium car- 
bonate was introduced into the bulb and heated for three hours at 
300° in a vacuum. The suction was disconnected, and after cool- 
ing, the combined weight of bulb, sodium carbonate, and dry air 
was obtained. Tungsten trioxide was then introduced through a 
long funnel, the bulb was exhausted, allowed to fill with dry air 
and again weighed. This gave the weight of tungsten trioxide. 
The weight of the sodium carbonate, further than being present in 
excess need not be known. Water was added and the bulb heated 
in a glass air bath, so that the course of the reaction could be 
watched. The mixture slowly effervesced, and when the action 
had ceased the vacuum apparatus was attached, and the water dis- 
tilled off. This water was tested and found to be neutral. The 
calcium chloride tower was now introduced, and the residue, con- 
sisting of a mixture of sodium tungstate and carbonate, was heated 
for three hours at 300° in a vacuum. After cooling and thus allow- 
ing the bulb to fill with dry air, it was detached and weighed. 
This loss in weight gave the carbon dioxide evolved. It may be 
added that the entire bulb should be inside the air bath, until the 
water has been removed; and then the upper portion be placed 
outside and the temperature increased to 300°. In this way no 
moisture will condense in the head, and the stopper remaining per- 
fectly dry will not become jammed. The stopper should not be 
lubricated. 

‘‘The following results were obtained, from impure material, 
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which in the previous experiments in this paper gave values rang- 
ing from 182.24 to 184.82, and which was known to contain iron, 
maganese, and probably molybdic acid: 


Weight of Weight of Weight of : 
Na,CO, WO, 'O, Atomic Weight 
grams, grams. grams. of Tungsten, 

Pe asks saan 2.0802 0.395? 183.60 
(Did sdusai 2.3 2.1937 0.4173 183.30 
Cis vicusende 4.0818 0.7762 183.38 
(4). .ccccae 3-8 3.3629 0.6394 183.41 


‘* These numbers, in that they indicate the atomic weight of tung- 
sten, are worthless; in that they show promise for the new method, 
are of value. The presence of impurity would lower the result ; 
what value the method will give for pure material can only be con- 
jectured.”’ 


Taylor’s experience re-emphasized the absolute necessity of satis- 
fying ourselves beyond every reasonable doubt that the material for 
the atomic weight determinations was pure ; at least as pure as the 
means at hand would furnish. The admission of Schneider that 
his purest substance contained traces of impurity, insoluble in 
caustic potash, and Taylor’s discovery that every sample of tung- 
sten trioxide tested by him gave a residue, insoluble in sodium 
carbonate, made us very solicitous regarding the purity of all 
material which had been used in any previous investigations, for it 
will be found upon consulting the literature that almost every 
experimenter was cortent to proceed with ammonium paratungstate 
which was perfectly white in color. Three to five recrystalliza- 
tions were held to be sufficient to attain that condition. 

Our doubts became so overwhelming that it was decided to begin 
the work anew with the mineral wolframite and to ascertain, once 
for all, what it contained in order that search might be made for 
all such constituents, and every effort put forth to insure their per- 
fect removal from the salts which might be experimented upon. 
Accordingly, in the summer of 1901 large quantities of wolframite, 
from Lawrence County, S. D., were decomposed and the resulting 
tungstic acid converted into ammonium paratungstate. The mother 
liquors from the salt were black in color and gave in due time the 
interesting compound—ammonium vanadico-phosphotungstate— 
described by us in the Jour. American Chemical Sociely, 24, 573. 
Its discovery added, of course, vanadium and phosphorus to the 
list of possible contaminating substances: columbic oxide, silica, 
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molybdic oxide, ferric oxide, manganese oxide, etc. Large amounts 
of ammonium paratungstate were taken for the purification of the 
tungsten trioxide by methods which may now be presented. 

Method 1.—This first fraction was collected apart, dissolved in 
distilled water and recrystallized ; the first crystallization was again 
set aside and dissolved, this operation being repeated ten times. 
A portion of the sixth crystallization was ignited in a platinum 
crucible and the resulting oxide was digested on a water-bath with 
a 2% solution of sodium carbonate free from iron. The oxide dis- 
solved, but its solution was quite turbid. Upon standing, a white 
residue settled out, which after washing with water and decomposi- 
tion with a few drops of hydrochloric acid showed tungstic acid 
and iron. Portions of the tenth recrystallization behaved similarly. 
The mother liquors, including that from the tenth crystallization, 
assumed a dark-brown coloration upon concentration, indicating 
thereby that not only iron, but that also the vanadico-phospho- 
tungstate, already alluded to, continued with the ammonium tung- 
state. Vanadium too was found in a portion of the tenth crystal- 
lization when it was heated in an atmosphere of hydrochloric acid 
gas. Hence it was concluded that this method was unsatisfactory 
and it was abandoned. Chemists, who in the past were content to 
look upon ammonium paratungstate as being very pure when its 
color was perfectly white (and from published statements most 
have been content with this criterion), which it is after the third 
or fourth crystallization, cannot have had pure substance for their 
investigations, hence the fluctuation in their results is easily com- 
prehended. 

Method 2.—This may be called the method of Borch. In it 
the mineral was fused with sodium carbonate, the fusion exhausted 
with water and after filtration the liquid was precipitated with 
calcium chloride. The resulting calcium tungstate was filtered, 
washed and decomposed with hydrochloric acid. The liberated 
tungstic acid was dissolved in ammonia water and the ammonium 
salt crystallized out. The method was carried out with rigid 
adherence to the printed instructions, but it proved entirely unsatis- 
factory. 

Method 3.—Solutions of ammonium paratungstate, decidediy 
brown in color, were boiled with precipitated calcium carbonate. 
Ammonia and carbon dioxide were evolved, while calcium tung- 


state was precipitated. The solutions lost nothing in color. After 
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filtering out and washing the calcium tungstate it was boiled with 
hydrochloric acid. Tungstic acid of a rich yellow color separated. 
It was washed and dissolved in ammonia water. There was a very 
slight bluish-colored residue. ‘The ammonium paratungstate, which 
crystallized out, was perfectly white in color, but a portion of it 
ignited and the resulting oxide, digested with a dilute sodium car- 
bonate solution, disclosed the usual white residue in which tungsten 
and iron were found. 

The salt, purified in this way, was fully as free from impurities 
as a salt which had passed through six crystallizations from water. 
This fact led us to prepare pure calcium carbonate and hydrochloric 
acid before repeating the method with another portion of ammo- 
nium paratungstate. 

Commercial calcium carbonate was boiled with a solution of 
pure ammonium chloride. Iron and other impurities remained 
with the excess of calcium carbonate. ‘The filtrate from the latter 
was precipitated with pure ammonium carbonate. The resulting 
calcium carbonate was thoroughly washed and then dried. 

Ordinary hydrochloric acid was saturated with calcium chloride 
and after the addition of phosphorus pentoxide was distilled with 
water. This gave pure acid. With these purified reagents ammo- 
nium paratungstate, which had passed through several crystalliza- 
tions, was subjected to the treatment outlined in the beginning of 
this section. ‘The purified salt, when tested, showed but traces of 
impurities and it is very probable that these, after several repeti- 
tions, would disappear entirely. The actual trial was not made, 
because another course seemed to lead to the desired end in a 
much shorter period. Experience also showed that nitric acid was 
preferable. 

Method 4.—In this procedure a boiling solution of ammonium 
paratungstate was decomposed with hydrochloric acid. The pre- 
cipitated tungstic acid was again dissolved in ammonia and the 
decomposition repeated. Repeating this process several times 
yielded tungstic acid which might be asserted to be quite pure, 
although when the mother liquors from the several fractions of the 
ammonium salts were reduced to a small volume the dark color 
appeared. A white residue, although slight, was also obtained 
from the ignited tungsten trioxide. Wyman (Thesis, University 
of Pennsylvania, 1902) found, after twenty-five decompositions 
with hydrochloric acid, evidences of similar contamination. This 
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chemist tried seven different schemes in his endeavor to obtain 
pure tungstic acid without the desired result. Accordingly, on 
resuming this part of our study in the summer of 1902 we deter- 
mined to eliminate every possible source of contamination from 
the various reagents which we proposed using. Thus, fifteen liters 
of hydrochloric acid were purified as already described. It was 
free from every impurity, which was proved by carefully repeated 
tests. Eighteen liters of nitric acid were distilled after the addi- 
tion of pieces of pumice and some sodium hydrogen phosphate. 
The product left no ponderable residue when a definite volume of 
it was evaporated to dryness in a platinum vessel. The sodium 
carbonate was made pure by fusing it in a platinum vessel and 
introducing into the molten mass a small quantity of pure, precipi- 
tated calcium carbonate which dissolved ; the mass being held for 
five minutes in the liquid state. After cooling, the fusion was 
allowed to dissolve out in cold water. The calcium carbonate, 
iron, etc., were filtered off and the solution evaporated to crystal- 
lization. The sodium carbonate which separated was recrystallized 
four times. Platinum vessels were used for the purpose. They 
are essential. Portions of the purified salt were examined for silica 
and iron, and their absence demonstrated. ‘There was now every 
reason to believe that the reagents, including the water (for it had 
been redistilled), were pure. They contained nothing which would 
contaminate the tungsten trioxide. Therefore, if the latter left a 
residue upon digestion with a dilute sodium carbonate solution, that 
residue plainly came out from the tungstic oxide. 

And now we must digress a little. Wyman experienced difficulty 
and annoyance in his efforts to dissolve tungstic acid in ammonia 
water. Others have had, doubtless, similar experiences. There 
invariably remains a bluish-white mass which no amount 6f ammo- 
nia or protracted boiling eliminates. More than a kilogram of this 
substance had accumulated from Wyman’s work and came into our 
possession. Its bluish-green tint suggested the presence in it of 
some reduction product, probably occasioned by the hydrochloric 
acid. We accordingly projected the mass into boiling concen- 
trated nitric acid. A violent evolution of chlorine immediately 
followed and continued until the material had acquired a rich 
yellow color. Whence came the chlorine? More of the blue 
residue was dried at 100°, then heated upon a platinum foil. Great 
volumes of ammonium chloride were expelled, leaving pale-yellow 
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colored tungsten trioxide. An analysis of a portion of the dry, 
bluish material was made, when 5.48% of NH, and 9.65% of Cl 
were found. The presence of this amount of foreign substance 
could only be accounted for on the assumption that in the libera- 
tion of tungstic acid from ammoniacal solutions of ammonium tung- 
state with hydrochloric acid portions of the latter and of the 
ammonium chloride were so combined that no amount of washing 
would remove them. They are retained, and firmly, by the tung- 
stic acid. Let those who question this examine the white, shmy 
residue which appears on attempting the solution of tungstic acid 
in ammonia. Most of us have quieted our consciences on this 
point by asserting that such residues are ‘‘ those persistently insolu- 
ble paratungstates.’’ If the solution from such residues be repre- 
cipitated with hydrochloric acid quantities of insoluble bodies again 
appear. These are beyond question ammonium chlorinated tung- 


stic acid derivatives which even prolonged boiling with concentrated 


acids will not change to the yellow acid. They merit further 
study, 

The preceding experience emphasized the necessity of removing 
all the ammonium chloride in tungstic acid if the precipitation 
method of purification was to be pursued. This was done in the 
following way: two to three liters of concentrated nitric acid, 
diluted with water to half their volume, were heated in a large porce- 
lain dish until it began to fume strongly, when 25cc. of pure hydro- 
chloric acid and three kilograms of dry and fairly pure ammonium 
tungstate were added. Vigorous action set in and volumes of 
decomposition gases escaped. ‘The mixture was constantly stirred 
during the operation. As soon as the action diminished, ten to fif- 
teen cubic centimeters of pure hydrochloric acid were introduced at 
intervals. As the decomposition approached completion, the yellow 
tungstic acid lost its porous character and collected as a heavy granu- 
lar powder upon the bottom of the dish, but it was heated with occa- 
sional stirring for a period of from three to four hours, At the 
expiration of that time, there remained only tungstic acid and 
nitric acid with traces of chlorine and ammonia. The tungstic acid 
was washed by decantation with pure distilled water until the tung- 
stic acid suspended in the solution subsided very slowly, and the 
wash-water from it showed but a faint acid reaction. The subsided 
yellow-colored acid was placed in a porcelain dish, hot distilled 
water was poured over it and ammonia was conducted into the solu- 
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tion. As a rule all of the acid dissolved, and there was at the 
most a very small residue. Thus forty-five liters of a saturated 
solution contained a residue which weighed less than two grams. 

The ammonium paratungstate separating from such a solution 
showed the needles and plates characteristic of that salt. Only the 
first three fractions were preserved. They represented seven- 
eighths of the entire substance. The other portions were set aside. 
A second and a third treatment, as outlined above, was given the 
first three fractions, and when the salt, finally obtained, was sub- 
jected to the sodium carbonate test, allowing the solution to stand 
over night, it remained absolutely clear. ‘The mother liquor from 
the salt, reduced to five cubic centimeters, remained colorless. 
One object in this long and baffling study had at last been 
obtained. We were the possessors of seven hundred grams of pure 
ammonium paratungstate. 

Three kilograms of impure ammonium paratungstate were decom- 
posed by acids as described above, the operation being repeated 
five times, when the ammonium salt from the last decomposition 
responded admirably to the crucial tests. This salt disclosed none 
of the substances which were found accompanying the tungstic acid 
originally, hence the latter was considered pure and was applied as 
will appear in subsequent paragraphs. However, before proceeding 
further it seems proper to direct attention to certain other experi- 


ences which possess interest and value. 


Tue REsIDUE OBTAINED BY DIGESTING TUNGSTEN TRIOXIDE 
WITH SopIuM CARBONATE. 

Ammonium paratungstate, after three crystallizations and when 
quite white in color, was ignited in a platinum crucible. Two hun- 
dred grams of oxide were obtained in this way and were digested 
with a 2% solution of sodium carbonate of excellent commercial 
quality. Quite a residue appeared. It was washed and dried. A 
portion, weighing 0.4712 gram, was digested with agua regia. 
The insoluble part weighed 0.4309 gram, while the solution of the 
soluble constituents, weighing 0.0403 gram, was reduced to a small 
volume, diluted with water and precipitated with ammonia. The 
iron weighed 0.0337 gram as ferric oxide. Manganese and plati- 
num were also found. The tungsten trioxide, when digested with 
hydrofluoric acid, lost 0.0149 gram, representing silica. Or, if the 
results be tabulated, they show : 
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Weight of residue .... ees 0.4712 gram. 
so « WO, 
“ 


“ 


Manganese, platinum, etc. ............ Undet. 


Even pure sodium carbonate will not remove all of the impuri- 
ties, although it may serve to test the purity of the oxide as to the 
iron, etc., which may be present. 


IGNITION OF AMMONIUM PARATUNGSTATE. 


The ignition of this salt in platinum vessels, as ordinarily con- 
ducted, contaminates the trioxide with platinum. To minimize 
this contamination a platinum crucible was fitted tightly two- 
thirds of its length into an asbestos board. A platinum wire shaped 
into a tripod was set upon the bottom of the crucible. A smaller 
platinum crucible was supported by the tripod. Into the latter 
were introduced from time to time not more than from two to three 
grams of ammonium tungstate. A red heat was applied to the outer 
crucible. The ammonia was expelled in the course of half an hour, 
when the crucibles were covered with an inverted porcelain lid, it 
being lifted from time to time to admit air. Constant weight was 
obtained in two hours. This procedure gave the best results 
which could be gotten by the use of platinum crucibles.. While the 
oxide is cooling it should be protected from all reducing atmos- 
pheric dust, because the hot oxide is extremely sensitive to the 
action of such substances. This is evident from the following: 
a platinum rod previously heated in a flame and applied to the hot 
oxide produces no change, but if the rod be touched quickly to the 
skin and then laid on the hot oxide, a green spot will appear at the 
point of contact. 

The efforts to substitute silver and gold crucibles for those of 
platinum demonstrated that these metals, too, were appreciably 
absorbed by the oxide. Porcelain crucibles were used, notwith- 
standing the absorption of silica, which would of course become 
greater as the time of ignition was prolonged and as the heat was 
increased. Further, the oxide in immediate contact with the 
porcelain invariably showed a green color. The glaze of the 
crucible always indicated etching. With an unglazed crucible the 
action was not so evident, hence the contamination was not so 
great, and the most satisfactory results were gotten by setting the 
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unglazed porcelain crucible in a platinum crucible and bringing 
about the ignition of the salt in this double-walled chamber. The 
coloration of the surface of the oxide was extremely slight. Experi- 
ence, however, eventually showed that the best course to pursue con- 
sisted in digesting the ammonium paratungstate directly in a 
porcelain casserole with pure nitric acid and a few cubic centi- 
meters of hydrochloric acid until it was completely decomposed, and 
the ammonia and hydrochloric acid were destroyed. When the 
tungstic acid was evaporated to complete dryness, it showed a rich 
orange-yellow color. It was transferred to an unglazed porcelain 
crucible and there ignited gently for half an hour. This may be 
done over a direct flame, the crucible being covered with an 
inverted porcelain lid. Any enclosed nitric acid was expelled by 
the gentle heat, and the weight soon became constant. ‘The result- 
ing tungstic oxide had a uniform yellow color. Green was abso- 
lutely absent. This procedure eliminated the reduction caused by 
the ammonia, and it may be added that by its use glazed crucibles 
were employed every day in similar ignitions for several weeks with- 
out showing the least etching or corrosion of the surface. 

Having at last gotten pure salt and pure oxide, the question arose 
as to what method should be adopted in the determination of the 
atomic weight of the metal. The method proposed by Taylor 
(p. 130) was new. The results he obtained were with material not 
especially purified, yet their fair agreement pointed to the possibil- 
ity of arriving at a definite value with the pure substance, such as 
was now available. Preliminary trials were executed according to 
Taylor’s suggestions, using glass apparatus just as he had done, and 
drying at 400° to constant weight. The weighings were all made 
on the same day and under uniform conditions. The main pur- 


pose was to ascertain,whether concordance in results could be 
realized. The results in the subjoined table show the opposite: 


Na,CO, WO, co, At. Weight 
59 gm. 2.45645 gm. .46775 gm. 183.07 
5.6 “ 2.72292 51785 183.36 
+ * 3-32953 63288 « 183.48 
n 3-967 20 ‘75473 “ 183.29 
3.44944 65489 “ 183.75 
3-41273 64796 “ 183.74 
6.10309 -16087 « 183.32 
6.39735 .21044 “ 183.39 
2.17450 41332 “ 183.48 
1.57903 29966 “ 188.85 
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The trioxide used in experiments 1 to 4, inclusive, was obtained 
by gently igniting the ammonium salt in a porcelain crucible. 
That used in experiments 5 and 6 was strongly heated in a porce- 
lain crucible. In 7 and 8 the ammonium tungstate was heated for 
one hour in a double platinum crucible. The oxide in experiment 
7 had been heated two hours in the same kind of crucible, while in 
experiment Io the ignition continued for two hours in the double 
platinum crucible. The gradual rise in the value to 183.85 by 
protracted heating could surely not be due to the expulsion of vola- 
tile matter, for there was no change in weight after the first hour of 
ignition in the double crucible. Evidently the oxide absorbed 
impurities which led to the rise in the atomic weight. Accordingly, 
samples of ammonium paratungstate were ignited under conditions 
as nearly similar as possible in crucibles of platinum and of porce- 
lain. The values from the oxide in the crucibles of porcelain were 
higher than those from the oxide made in platinum crucibles, show- 
ing in all probability, that the oxide took up more foreign material 
from the porcelain than from the platinum.: Therefore, the mere 
ignition of the ammonium salt in vessels such as have been 
described drew in sources of error. These would, of course, have 
to be eliminated if the method was to be tested upon its own 
merits. It was sought to accomplish this by igniting thoroughly 
dry ammonium paratungstate and ascertain the loss (water and 
ammonia) sustained by different amounts, which resulted in dis- 
covering that the percentage of volatile matter could be obtained 
to within less than 0.01%, which would answer for the purpose of 
atomic weight determination. And therefore, in the actual experi- 
ments, the ammonium paratungstate was weighed out directly into 
the flask, it being only necessary to make the proper calculations to 
arrive at the amount of trioxide which was thus used. Six deter- 
minations were made; the results in the atomic value varied from 
183.4 to 183.81. The early explanation for the lack of concor- 
dance, if the method was nos faulty, would be to suppose that the 
action of the soda upon the glass would withdraw varying amounts 
of silica, and there would follow, of course, the liberation of corres- 
ponding amounts of carbon dioxide. If this really occasioned the 
error, it was hoped that the substitution of a platinum bulb, similar 
to the glass vessel, would lead to success. This was done. The 
experiments were performed as before, with slight modifications 
where it was considered advisable and advantageous. The atoinic 
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values in a series of five trials ranged from 182.85 to 183.64. 
Patient search was made for the reason, every step being tested 
repeatedly, until eventually the conclusion was forced upon us that 
carbon dioxide, in varying amounts, was disengaged through the 
decomposition of the sodium carbonate in the final drying. Jac- 
quelain (/Jahresb., 1860, p. 116; A. Ch. [4] 28, 86, and A. Ch. 
[3] 32, 205) showed that this salt loses from 0.03 to 0.05% in 
weight at 400°, and other observers have shown that the loss con- 
tinued with the length of the period of ignition and with the 
temperature. Here, then, was a serious defect in the method which 
would explain why the values found were low, and why they 
differed so widely. The attempts to correct this weak point 
proved futile, so that the method, having had a thorough trying-out, 
was abandoned after months of arduous work. 

It was hoped that perhaps a normal silver tungstate might be 
made, which after solution in potassium cyanide could be electro- 
yzed and the value of tungsten obtained from a comparison with 
the precipitated silver. Fifteen experiments were made. In one 
series (the best) of five experiments the results varied from 
184.00 to 184.39. It was found, after much search, that there 
could be no certainty as to when a normal salt was really in hand. 
Washing and drying, even when performed with the utmost care, 
occasioned a change in the character of the salt. The method was 
discarded. 

An effort was also made to obtain a cadmium salt of definite 
composition. Much time was given to it, and experiments were 
made in the electrolysis of bodies believed to be uniform in com- 
position. ‘The atomic values ranged from 181.90 to 185.71. 

Having subjected three new methods to vigorous tests in our 
efforts to solve the problem along new lines, and having found them 
utterly deficient, the hepe still remained that possibly some of the 
earlier methods might with pure material give satisfactory resulis. 
The writers felt, without meaning to*reflect in the slightest upon 
earlier investigators, that their material possessed the merit of 
superior purity; and if that were really the case, older methods, 
simple in principle and easy of execution, might well be expected 
to give concordant values. Of the 175 experiments made by the 
entire corps of previous investigators, there is but one short series, 
namely, that of Pennington and Smith, in which there is that 
degree of concordance which is desirable and necessary in fixing the 
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atomic value of any element. Splendid as is the work of 
Schneider, worthy as it is of high praise, there still remains the 
fact, not to be pushed aside, that between the minimum and maxi- 
mum values there is a difference of more than a unit. The atomic 
value given by Schneider, Hardin and others for tungsten is 
184—the mean of very widely differing series. Cognizant of these 
facts, with faith in the greater purity of our material, steps ‘vere 
taken to repeat several older procedures. 


PREPARATION OF TUNGSTEN HEXACHLORIDE. 


Chlorine, free from oxygen and moisture, is absolutely essential 
to obtain this compound pure and in comparatively large amounts. 
The product must also be sublimed repeatedly in an atmosphere of 
chlorine, without exposure to the air. The first condition, 
although apparently simple, is really very difficult to attain ; and 
after much experimenting, we cannot say that we got chlorine 
absolutely free from moisture. But the quantity of oxychloride 
formed along with the hexachloride may be taken as an index of 
the amount of moisture (also oxygen) in the chlorine. 

The generator was charged with material sufficient to yield 
chlorine an entire day without the addition of acid and consequent 
introduction of air into the apparatus. When the flow of gas com- 
menced to grow less only the gentlest heat was applied for a few 
minutes to the generator. The chlorine was most.completely dried 
by conducting it through three six-inch U-tubes connected in 
series, containing pumice stone saturated with pure concentrated 
sulphuric acid, and in the bend sufficient acid to fill the bottom of 
the tubes, thus causing the gas to bubble through the acid before 
each new preparation. Indeed, it was about every fourth day that 
a renewal was made. Only traces of oxychloride were observed. 
The reaction of chlorine and metal took place in a combustion 
tube of soft glass, 15 to 18 mm. in diameter and 4% feet in length. 
The tube was contracted in two places to the thickness of a lead 
pencil, thus making three sections, of which the first was 3 feet in 
length, the second 1 foot and the last % foot. A porcelain boat 
carried the tungsten metal. The chlorine was passed through the 
apparatus for two hours before any heat was applied. This was 
done to expel the air. Then the burners of the furnace (to within 
three of the boat) were lighted, beginning with those most distant 
from the boat, the flames being small. The tube beyond the boat 
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thus reached a temperature of nearly 350° C. These burners were 
then extinguished, while those immediately beneath the boat were 
lighted, the flames being small. The tube to a length of eight 
inches beyond the boat was also heated. Ina very short time the 
reaction began, noticeable at first in the yellow vapors which con- 
densed in the colder part of the tube, beyond the furnace, to the 
light brown oxychloride. This did not continue more than two 
minutes, when copious reddish-brown vapors appeared and con- 
densed beyond the lighted burners to brilliant blue-black needles. 
The formation is very rapid. The utmost vigilance is constantly 
required to the very conclusion of the experiment. In two hours 
twenty grams of metal may be fully converted into hexachloride. 
That portion of the combustion tube at which the hexachloride 
condenses should be kept just hot enough to cause the traces of 
oxychloride to pass beyond the hexachloride. This can be readily 
adjusted after a little experience. When working with large 
amounts the deposits of the hexachloride may obstruct the tube. 
In that event manipulate a lamp flame with the hand beneath the 
chloride until it is partially melted. This converts it into a com- 
pact solid, requiring less space. Melting and resublimation of the 
chloride removes every trace of oxychloride. Two sublimations 
are sufficient for the purpose. The tube can then be sealed off at 
the contracted points. Perfectly pure hexachloride has a beautiful, 
brilliant steel-blue color. It can be readily transferred to clean, 
dry weighing bottles and preserved in them. It has marked 
stability. ‘There is no perceptible action on bringing the chloride 
into water at the ordinary temperature even after considerable 
time. On the application of heat the decomposition does not begin 
until the temperature of the water reaches 60°. The specific 
gravity of the hexachloride, taken in water at the ordinary tem- 
perature, equaled 3.518. After all the weighings were made the 
water employed for the purpose was tested with litmus; it gave the 
very faintest acid reaction. Having obtained in the above man- 
ner large quantities of the hexachloride, it was decided to change it 
to trioxide and thus arrive at the atomic weight of the metal. 
Roscoe had determined the chlorine in thiscompound. His results 
were not especially concordant. Perhaps this was due to the 
involved method or to the presence of traces of oxychloride: 
However, our thought was to adopt the simplest available course, 
hence we aimed to convert the chloride into oxide. Roscoe has 
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stated that when hexachloride is directly decomposed with water 
and the resulting acid ignited to oxide, the latter will contain chlo- 
rine which cannot be expelled by heat. We had hoped to pursue 
this method, but as it had the condemnation of so high an authority 
the hexachloride was introduced into freshly distilled ammonia 
water, contained in a weighed platinum dish, with the expectation 
of eventually getting ammonium tungstate and chloride which 
would leave the trioxide upon ignition. Experience showed that 
the quantity of the resulting ammonium chloride was so great that 
even with the most careful ignition there was much danger of 
expelling mechanically appreciable amounts of the oxide. Nor 
was it forgotten that it is very doubtful whether from such a mix- 
ture the chlorine could be completely removed by heat. 

The treatment of the hexachloride directly with nitric acid was 
also found impracticable. 

In spite of Roscoe’s objection to the decomposition with water 
it was believed that the transposition could be carried out. 
Five glazed No. 2 porcelain crucibles of 4occ. capacity were 
selected, thoroughly cleansed and ignited, allowed to cool in 
vacuum desiccators and weighed upon a specially constructed 
Troemner balance, sensitive to ;5 of a milligram. There was next 
introduced into each one of them tungsten hexachloride from a 
weighing bottle which was reweighed after the removal of each 
portion. The crucibles with their chloride content were placed on 
water-baths and cold distilled water introduced into each. When 
the volume of water was insufficient for the quantity of chloride 
sufficient heat was generated by the reaction to make the water boil 
and spattering followed. At 60° the decomposition proceeded 
quietly to the hydrated trioxide, which at the beginning had a 
slight greenish-yellow color, due probably to imperfect decomposi- 
tion, as mentioned by Roscoe, but this tint disappeared as the 
hydrochloric acid was expelled. When the mass was perfectly dry 
a few drops of pure concentrated nitric acid was introduced from a 
pipette upon the trioxide. Instantly any green tint vanished and 
was replaced by a rich orange-yellow color. The excess of nitric 
acid was slowly evaporated away and the oxide assumed a pale 
yellow hue. 

The crucibles were now removed from the water-bath, and after 
careful drying were ignited for half an hour to a dull red heat, then 
allowed to cool in the desiccator, and at the expiration of an hour 
and a half were weighed. 
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In the calculations the values for oxygen and chlorine were taken 
at 16 and 35.45 respectively. The specific gravity of tungsten tri- 
oxide was found to be 7.157 and that of tungsten hexachloride 3.518. 

Seven different series of determinations were made, each from a 
different sample of hexachloride, The results appear in the sub- 
joined table : 


! | | 

Weht, of WCl, Weght. of WO, i ; 

Cor, for Vac. | Cor. for Vac. a. mpnae of ae of 
in grams, | in grams. . : , : - 


No, of No. of 
Exp. Series. 


3.18167 1.86085 184.04 
2.66612 1.55903 183.94 
3-5 2632 2.06244 184.05 


1.$2117 0.88972 184.07 
1.22299 0.71523 184.00 
2.28445 1.33603 184.01 
3-25404 1.90337 184.10 
3.37078 1.97133 184.01 


om OM > wn 


7.76488 4.54082 183.98 


2.08764 1.22114 184.11 
2.80141 1.63859 184.09 
3-24328 1.89681 184.02 
4.97975 2.91262 184.06 
3.04036 1.77838 184.10 


4.31046 2.52133 184.10 
2.21201 1.29381 184.07 
2 70368 1.58135 184.06 
3.60658 2.10934 184.03 
2.63037 1.53835 184.02 


3.41668 1.99808 184.07 
3.49940 2.0467 5 184.06 
3-86668 2.26145 184.05 
3-40202 1.98970 184.03 
3-20661 | 1.87533 184.01 


3-26386 1.90909 184.09 
6.73533 3-94031 133.94 
7-37889 4.31643 184.14 


It should be mentioned here that at the conclusion of these experi- 
ments etching or corrosion of the glaze of the crucibles could not 
be observed. Nor was there any stain upon them; they looked as 
if they had been unused. 
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METALLIC TUNGSTEN. 


It would be superfluous to set forth here the steps taken in pro- 
curing the metal. They are familiar to every reader. They were 
identical with those described by Hardin. One point, however, is 
worthy of notice. It was discovered that if the trioxide, reduced to 
metal, had been previously gotten by the ignition of ammonium 
paratungstate in vessels of platinum, then it might well be expected 
that after the removal of the tungsten from the reduction boats the 
latter would show dark spots here and there. This occurred, but 
uncontaminated trioxide was repeatedly reduced in porcelain by 
hydrogen without leaving dark stains. 

Several experimenters—Riche, Desi, Shinn and Hardin— 
endeavored to reach the atomic value of tungsten by collecting the 
water resulting from the reduction of definite amounts of trioxide in 
hydrogen. Their results were disappointing in the extreme, 
although the method is surely rational and in some measure ideal. 
The reasons for its failure have never been satisfactorily explained. 
We were induced to give it trial. Every attention to detail was 
scrupulously observed. ‘The results were most disappointing, and 
yet we cannot give a reasonable explanation for our failure. There 
seems to be an inherent defect in the method which we were unable 
to lay bare. 

We also reduced definite quantities of trioxide to metal, and 
from the loss in weight sought to get the atomic value of tungsten. 
Again the results were discordant. ‘The boats were never stained 
from the reduction, nor was the porcelain tube in which the 
reduction took place stained, but on close scrutiny particles of 
metal could be seen along the sides of the tube. They rested 
loosely upon it and were removed with ease. This metal, in all 


probability, was carried out into the tube by the aqueous vapor 


produced in the reduction. This is, therefore, a serious point in 
this method. 

There remained, finally, only method 2, another time-honored 
method, upon which much discredit had been cast. Yet with pure 
material it seemed worth the while to give it further trial. The 
metal used in this study was made from trioxide obtained from the 
hexachloride. Portions of it were weighed out into the same 
crucibles which had been used in the experiments with the hexa- 
chloride and gently heated with air contact. The steps in the 
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ignition were those which any careful analyst would observe, so 
that they need not be mentioned here. The final oxide was uni- 
formly yellow in color throughout its entire mass. 

The weighings here, as in all previous experiments, were reduced 
to vacuum standard. The value of oxygen was placed at 16. The 
specific gravity of the oxide was, as before, 7.157, and that of the 
metal —1o9. 

In the appended table it is to be understood that each single 
series was made from portions of the same sample of metal. The 


results are: 


f WO, 


nh 2ms 


2.83144 183.96 183.96 
.24619 184.07 184.07 


63590 .06270 183.98 
385 34 .74665 184.04 184.04 
-29903 .03774 184.0¢ 


184.12 
184.01 
184.12 
184.12 


.O1 302 
2.18607 
39755 


94955 


NNN WN 


184. 9 

184.11 
26260 184.08 184.065 
25886 184.14 
.OO44I 184.06 


43502 
37603 
55750 
55503 
38298 


Nu 


‘ 


NNN WHS 
a we w 


& 


055758 
3.60828 


.2202I 


59169 154.13 
54915 184.08 184.11 
-84949 184.11 


Eh 


.66239 184.08 184.08 


28444 
3-99095 0313: 184.12 184.12 
.30166 C 184.00 184.00 
3-44143 4:3: 184.10 


.67709 3. 184.01 184.08 
4.96735 ‘ 184.13 


In series VII, a very large quantity of oxide was heated in 
hydrogen from g A.M. until 5 P.M. The resulting metal was 


placed over night in a desiccator, and on the following day a por- 
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tion of it was weighed out for the eighteenth experiment, the 
remainder being heated for a day more in hydrogen. After stand- 
ing over night a second portion was removed and used in experi- 
ment 19. ‘The remainder was exposed all of the third day to the 
action of hydrogen, and was then oxidized for experiment 20. 
















Had not the first reduction been complete, the results would not 
have agreed so well. 

The mean atomic value from the hexachloride is 184.04, that 
from the oxidation of metal 184.065, or the average of the two 
independent series is 784.05, which probably approximates the 
truth very closely and may be safely regarded as the atomic weight 
of tungsten. 


SUMMARY. 


Our study, extended over so long a period, has revealed— 





1. That it is quite doubtful whether any chemists who in the past 
occupied themselves with a determination of the atomic weight 
of tungsten have worked with pure substance. Tungstic acid is 
prone to form ‘‘complexes.’’ It was found that if the acid contain 
no iron, for instance, but be digested with acids, e.g., hydro- 
chloric or nitric acid, in which iron is present, the latter will enter 
the tungstic acid. Iron and manganese are eliminated from the 
acid with the greatest difficulty. In the earlier work there is no 
evidence of their removal. Neither do we discover that vanadium 










and phosphorus had been considered as present, yet in purify- 
ing ammonium paratungstate by recrystallization alone it was found 
that the tenth recrystallization showed vanadium. 

2. The slimy, greenish or bluish-white masses believed to be 
‘¢ paratungstates '’ because of their great insolubility are probably 
*« complexes.” 

3. The fourth method of purification can be relied upon to yield 
pure tungstic acid. 


4. The use of pure sodium carbonate (29%) to dissolve tungsten 









trioxide gives an excellent means of ascertaining when the iron, 
manganese and silica are fully removed, but that its development 
into a method for the determination of the atomic weight of tung- 
sten is not at all probable. 

5. The plan of digesting pure ammonium paratungstate with 
nitric acid, then evaporating to complete dryness and gently ignit- 
ing affords pure oxide. 


148 MASON—RIPENING OF THOUGHTS IN COMMON. [April 9, 


6. That porcelain vessels are preferable to those of gold, silver 
or platinum for the ignition of ammonium paratungstate and tung- 
stic acid. 

7. That the oxidation of metal (method 2) leads to reliable 
atomic numbers when the material is pure. 

8. That tungsten hexachloride can be completely transposed 
into pure oxide with water and a little nitric acid. 

The John Harrison Laboratory of Chemistry, University of Penna. 


THE RIPENING OF THOUGHTS IN COMMON. 
“Common Sense is Thoughts 1» Common.” 
BY OTIS T. MASON. 
(Read April 9, 1904.) 


Those who are entangled in official or commercial life, and, 
indeed, observant persons generally, will recall many instances in 
their daily experiences when they have mentioned a name only to 
see its owner appear.. Or they have a friend, say, in the Straits 
Settlements. After a long silence they begin to worry about him 
and sit down to write to him. While they are thus engaged the 
postman hands in an epistle from Singapore signed with his name. 

There is, of course, an element of chance in such coincidences. 
A vast number spring out of deep-seated, normal biological condi- 
tions. It is not here denied that many, associated with abnormal 


or hypersensitive conditions, are so startling in time and detail as 


to give rise to beliefs in telepathy. 

Leaving out the causes just mentioned, this paper will be confined 
to those artificialities of life called culture, though the natural 
causes mix freely with these. 

The purposeful actions of all humanity have become so artificial- 
ized as to make the natural, physical man subservient to the new 
man, the Homo sapiens. Racial activities and community experi- 
ences have entirely changed, so that coincidences in speech, man- 
ners, customs, and arts, however surprising they may be, are also 
due to the maturing of thoughts, desires and purposes held in 
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common. And such agreements are not exceptions but are num- 
berless. 

Similarities and simultaneities in actions and thouguts among 
millions of persons form an unconscious never-ending drill, the 
activities passing imperceptibly from voluntarism into automatism. 
The coincidences of which notice is taken are not a drop in the 
bucket to the whole number. 

I shall speak of thoughts in common and the activities linked 
with them under the heads of dzology, speech, industries, fine art 
soctal life, learning and lore, and religion. 


BIOoLoGy. 


To begin with activities that are purely biological, thoughts in 
common are shared with the animals. The revolution of the earth 
on its axis, producing day and night, causes nature to awaken in 
concert in the morning and to fall asleep in unison in the evening. 
There is no leader to the orchestra in the former, nor authoritative 
command or lullaby in the latter. 

With the change of seasons concerted movements of large masses 
of insects, fishes, birds, and mammals take place, lasting many days 


and extending over vast distances and spaces. Under other influ- 
ences hidden from our knowledge, the whole animate creation 
seems possessed of individual will only to work in obedience to a 


common will. 

This fact was observed three thousand years ago, for one of the 
Hebrew proverbs reads, ‘‘ The locusts have no king, yet they go 
forth all of them by bands ’’ (Prov. xxx. 27). 

This moving in concert has a more complex kind of action still, 
a sort of international code, existing between creatures of different 
species, genera, orders, families and even between the kingdoms of 
nature. It resembles a purposeful selection and is the natural fore- 
runner of altruism in culture. It is the hotbed of suggestion for 
the whole series of psychical mysteries. 

These maturings of thoughts in common are deep-seated in the 
human frame. ‘‘ As quick as a wink’’ does not mean a sudden 
period of capricious length, but one of duration as regular as the 
ticking of a watch. The physiologists, with their delicate appara- 
tus, have made wonderful discoveries in this direction. All sorts 
of clever tricks are played on crowds successfully in the domain of 
psychology through these uniformities of action in biology. 
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SPEECH. 


The first and easily overlooked occasion of thoughts in common 
is speech. Each word or phrase, and even whole sentences, have 
generic as well as specific meanings. Through the former they 
have acquired the habit of making like impressions on a multitude 
of minds or of calling forth identical responses. Through their 
specific, esoteric meanings they appeal to a smaller following, but 
more intensively. 

Every association or tribe has such formule, and their instanta- 
neous power of allaying the individual thought and merging the 
single into the organized opinion is a matter of common knowl- 
edge. Amid the multifarious capabilities of the vocal apparatus a 
small number of products are chosen, not by a committee, through 
laborious and purposeful efforts, but by the committee of the whole, 
which never adjourns. 

In some families of tribes, only the easy, musical, phonic ele- 
ments are picked out; while in others not far away, the harsh or 
guttural sounds are preferred. 

It has often been declared that these subtle combinations of breath- 
ings are more persistent than walls of brick and stone. This is not 
difficult to believe, since the verbal expressions that survive among 
a people body forth the imperishable thoughts and prejudices that 
long ago passed from the evanescent stage in the single mind to the 
fixed stage in the tribal mind. ‘The charge of plagiarism is fre- 
quently made by literary critics when the authors were totally 
unknown to each other. 

The great value of this potent vox fopult, in this case vox det 
also, for fixing standard vocabulary and grammar cannot be over- 
estimated. It needs no mysterious telepathy to account for such 
phenomena. They are grounded in the law of association, in the 
clan organism, and, since biological endurance is a fixed quantity, 
they ripen together. 

INDUSTRIES. 


The common and widespread interests in the activities of life, 
called industries, give rise to much simultaneity and identity of 
mental operations. Children go to school in common, the labor- 
ing class move to their employments as one. 

In the country they have a fashion of cutting a mark in the south 
kitchen window to note the noon hour. All housewives watch the 
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shadow of the window frame as it falls there and blow the dinner 
horn. You can imagine a wave of this joyful sound sweeping 
across the continent every day from ocean to ocean, and its pre- 
cisely similar effects on the spirits and bodies of millions on the 
farms, constituting an aggregate appetite. In precisely the same 
way the social and political life is agitated, and yet men are amazed 
to find themselves warming up on the same topics. 

In Washington City there are fifty thousand employees. They go 
to their work at a certain signal. Just at standard noon the 
whistles blow and they simultaneously and without consultation 
drop their work. ‘There is a story going around of an old cabinet- 
maker in one of the Departments, who was so punctual in this 
regard that once when he was driving a nail and the whistle com- 
menced to blow, he left his hatchet up in the air, like Mohammed’s 
coffin, and went to his lunch. 

It is often said that women are governed by instinct, but men by 
reason. ‘The former share more thoughts in common, they are 
more conservative, even in savagery. So the actions performed 
over and over pass into semi-automatism, and without notice the 
thoughts associated with them arise together in many minds. 
Even the thoughts go in sets and cliques, and one will awaken the 
rest by association. 

Now and then in the industrial world, through the pleadings of 
environment, the inspiration of genius, the intense rivalries of 
trade, new tools, devices, processes and products, and new harness 
for the forces of nature are devised. The purely original in these 
are the exceptions, not the rule of action; and, besides, there is 
more survival than new creation in any one of them, as the suits for 
interference in the Patent Office will demonstrate. 


FINE ART. 


The esthetic faculty affords, with its schools and even national 
styles, most wonderful examples of the force of emotions felt in 
common. Canons of criticising the methods of appealing to the 
senses may be defined as expressions of the thoughts which artists 
of a certain epoch or school have come to hold in association. The 
same faculty becomes mixed with social life and gives rise to fash- 
ions and styles. Hence they say you might as well be out of the 
world as out of fashion. 

It will be asked whether this community among the agents and 
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agencies of enjoyment accounts for otherwise inexplicable concur- 
rences in art expression. The foundation of art, as of all other 
human actions, is laid in nature. That artists without consulting 
one another should copy this or that feature of the world around 
them is not surprising. 

~ But art is limited in execution. Tennyson’s prayer, 


“I would that my tongue could utter 
The thoughts that arise in me,”’ 


has been breathed by every artist that ever lived. Fatigued with 
failure he falls back on his fellow-workers, on the habits of the 
guild, on conventionalism, which is art-methods in common. 
It is wonderful how far and wide, and how long these survive. 
When a student of form in design, familiar with scrolls and frets in 
Grecian art, discovers the same forms wrought out on Pima Indian 
basketry and lacework, he lifts his hands with surprise. The eth- 
nologist knows that the Indian woman has not necessarily held 
converse with the countrymen of Phidias. He realizes that the 
Pima woman is in the preparatory school, of which the Greek 
artists were full graduates. Once upon a time Grecian women 
wove into perishable basketry (zdvastpa) forms that have never 
died and which their descendants fixed imperishably in marble. 

Besides the throng of specially endowed creators of art forms 
céoperating to their origin and perpetuation, there is a united, I 
almost said organized, admiration-in-common by the enjoyers or 
consumers of art products. Their habits of judgment, or canons, 
are intensified and fixed by custom. 


SociAL LIFE. 


The phrase ‘‘ social life’’ is here used in its most comprehensive 
sense, taking in the sources of all artificial activities performed by 
persons working unitedly. Two men managing a canoe down a 
rapid are intensely social; any rupture in the common thought 
would be fatal. Social organizations furnish the occasion for 
growth in what is here under consideration. They are like propa- 
gating gardens, farms, or stock ranges, where plants and animals are 
raised in vastly greater numbers than nature unaided would 
produce. 

It would do no violence to partnerships, corporations, trades 
unions, and guilds in the industrial world ; to secret societies, clubs, 
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and associations for cultivating the true, the beautiful, and the good, 
in the moral and intellectual world ; to the family, the clan, the 
tribe, the state, the nation, in the regulative world, with parlia- 
ments, courts, administrations, armies and navies, to characterize 
them as institutions for creating and preserving mental activities in 
common—popular legislatures that never adjourn. They afford also 
fields for their operation. When coincidences occur under their 
sway, the causes lie in the very nature of society from the beginning. 

It is an error to think that social structures and their demands 
become simplified as one descends from civilization, through barbar- 
ism, to savagery. The abundant studies of Major Powell and his 
colleagues among the tribes of America, and of Morgan among 
savages in general, teach the contrary. Assuming that social 
structures and functions among these tribes are in the main types 
found in all primitive societies in the past, it is not difficult to 
understand how at the very outset the first society developed a vast 
number of thoughts in common that have persisted in all ages and 
areas. ‘To these must be added similar processes originating in 
races and smaller groups. 

Recall how immensely stronger are the character and marks of 
race than of individuals, how the latter vary in color, stature, via- 
bility, number and sex of children, and so on, But the race 
stature and number of births in males and females, as well as other 
characteristics of the species, endure. 


“ So careful of the type she seems, 
So careless of the single life.” 


So long has nature moved by measured steps that there have 
come about not only cosmic thoughts in common, animal communis 
sensus, anthropic or human rhythm of mental action, but also rac- 
ial idiosyncrasies, national impulses, civic likenesses, industrial 
coincidences and inventions, and family likenesses. It is common 
to hear such expressions as ‘‘ the times are ripe,’’ ‘‘the hour has 
struck,’’ for this or that scheme, meaning that thoughts, like heads 
of wheat in summer time, have simultaneously ripened for the har- 
vest. It accounts for revivals, the singing of masses, the frenzy of 
crowds, and all such phenomena. The man of old who was wise 
enough to foresee these maturing of thoughts in common was 
recognized as a seer. If forceful enough he became a prophet, a 
leader, a reformer, a culture-hero. 
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LEARNING AND J.LORE, 


Lore is the learning of the folk, the philosophy of savages, the 
survival of old beliefs and customs into enlightenment—old thoughts 
in common gone to seed. In form, it is the traditions, songs, 
proverbial philosophies, ceremonies, and real knowledge of peoples. 
The lore-thoughts of a people are the most deep-rooted and persis- 
tent, because indigenous to their minds. It is said that at the 
battle of Sebastopol the critical charge was incited by the play- 
ing of the Marseillaise, which the old soldiers heard for the first 
time in years. Anyone who has tried to oppose an absurd popu- 
lar belief, such as that in the hoop-snake, the retiring of the 
ground-hog at Candlemas, the marvelous doings of the earwig, and 
a thousand more, will appreciate what is here insisted on, namely, 
that the holding ofa thought in common intensifies its activity, as 
in a battery of infinite number of cells. 

On the intellectual side, lore has become learning and science is 
slowly permeating the communal mind and becoming the institu- 
tional mind. The personal equation of conservatism still acts as a 
balance-wheel there, as those who worked for uniform time and 
better nomenclature, and are now laboring for a uniform alphabet 
and a standard numeral system, will testify. 

The sciences began in the individual observation and were 
perfected one by one in the institutional mind. Since anthro- 
pology is a composite science, using and depending on all others, 
it will be the last to rise to the dignity of a perfected science. The 
same is true ofall its component sciences. 

In the museum one sees the botanist returning with his plants 
from the field. He has been collecting, he is a collector, these are 
his collections: his work is in the collective stage. 

Next, on long tables, he lays them in heaps, according to certain 
classific concepts in his mind, he is classifying, he is a systematist : 
this is his classification. Finally he comes to conclusions, will tell 
you beforehand what to look for in this or that class. He predicts, 
he is a philosophic botanist: his work is in the predictive stage. 
But this has been going on for centuries, with fresh returns to the 
fields, again and again with brighter eyes and larger experience. 
At last the organized mind takes up the task, so that the work of 
each must pass the scrutiny of all. 
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RELIGION. 


So far as it enters the scientific arena, religion has to do with a 
spirit world and its influence on the world of sense. What is 
thought in common about that world, its physiography and its 
inhabitants, especially their activities among men and things, goes 
by the name of creed; what is done in common by men in the 
organization of society and in conduct responsive to creed is cu/t 
or worship. ‘The most overpowering thoughts in common have 
belonged to the realm of religion. ‘Things change and thoughts 
with them, not rapidly but surely. The unseen is not known to 
change, is believed not to change. The words of Paul, ‘‘ For the 
things which are seen are temporal ; but the things which are not 
seen are eternal,’’ embody a thought common to all races and ages, 
and have held all humanity in lines of conduct more firmly than 
the teachings of experience. 

To sum up, similar words and actions arise among men, spon- 
taneously and incessantly, not so much by reason of similar envi- 
ronments and provocations on the spur of the moment as from 
a psychological cause, the possession of thoughts in common that 
have come down through the ages and gathered velocity and 
impetus as they rolled. 

If subtle, telepathic influences exist in spiritual connections, they 
grow out of common thinking, they are the effect, not the cause, of 
striking coincidences. 

To the educator, the reformer, and the legislator, no less than to 
the investigator, a constant realization of this fact is necessary to 
success. 

To those who listened to this paper, necessarily brief and general, 
multitudes of instances will arise where strange coincidences in 
conduct have expressed themselves in every line of activity. If 
they were not too busily engaged with the affairs of life they would 
have noticed many more; because with a normally constituted 
mind and in a completely organized society they are the rule and 
not the exception. 
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RECENT ADVANCES IN OUR KNOWLEDGE OF THE 
EVOLUTION OF THE HORSE. 


BY HENRY F. OSBORN, 


(Read April 7, 1904.) 


The American Museum explorations for the development of the 
horse practically began in tgor with the first expedition to the 
Rocky Mountain region in that year, conducted by Dr. J. L. 
Wortman. By continued exploration and the acquisition of the 
Cope Collection of fossil vertebrates remains of a large number 
of fossil horses were secured. In 1901, however, explorations were 
organized with the particular purpose of securing materials for the 
further study of the evolution of the horse with the fund donated 
by the late William C. Whitney. Mr. J. W. Gidley, a graduate of 
Princeton University, was placed in charge of expeditions sent into 
Texas, Colorado, South Dakota and Nebraska. The remains of 
146 horses were secured, making a total of remains representing 
this animal in the Museum of upwards of 770. 

In the year 1990 the chief discovery was a herd of six Pleistocene 
horses belonging to the new species Zguus scoftti, giving us for the 
first time a complete knowledge of the osteology of the American 
Pleistocene horse—a large-headed, short-limbed animal, propor- 
tioned somewhat like the zebra. In tgo1, the first year of the 
Whitney expeditions, Hypohi~pus was discovered in the Upper 
Miocene, a genus named by Joseph Leidy but hitherto little under- 
stood ; this animal, although contemporaneous with several highly 
specialized types of horses, was found to represent a forest-living 
type, with short crowned teeth and persistent lateral toes. In 
1902 the remarkable discovery was made of a new genus and 
species of horse, Veohipfparion whitneyi, in the Upper Miocene of 
western Nebraska. This animal, in contrast with the foregoing, 
was extremely light limbed, proportioned rather like the deer, with 
diminutive lateral toes, long crowned teeth, and represented a 
highly specialized, cursorial type, remotely related to the Appar- 
ton of Europe. 

Our explorations therefore have demonstrated the existence of 
two and probably three collateral lines of horses contemporaneous 
with the Protehi~pus line, which apparently led into the true 
horse. The early conclusions of Joseph Leidy, based on far less 
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perfect material, are thus confirmed in the most gratifying manner. 
Many problems yet remain to be solved, however, especially the 
osteology of the line leading directly into the modern horse. 
Explorations will therefore be continued, especially the search for 
the skeleton of Protohippus, with a view to ascertaining whether this 
is or is not one of the direct ancestors of Zguus caballus. 
American Museum of Natural History, 
New York, April 7, 1904. 


RADIUM IN AN AMERICAN ORE. 
BY ALEXANDER H. PHILLIPS. 


(Read April 8, 1904.) 


The work which I have accomplished in the separation of 
radium, or more exactly the concentration of radium in barium 
salts, has been carried on entirely with the mineral carnotite. 


Carnotite is comparatively a new mineral, having been described 
by Friedel and Cumenge in July, 1899, and for this reason it is 


not found in most books on mineralogy, and is therefore but little 
known to the general prospector. It was first discovered in the 
western part of Colorado, and occurs in Montrose, San Miguel and 
Mesa counties of that State and the adjacent counties of Utah. 
The theoretical percentage composition as given by Friedel and 
63-54% 
20.12 * 


10.27 « 


4 


95“ 

Results very close to these were obtained in the actual analyses. 
The mineral formula is given as 2UQ,, V,O,, K,0O, 3H,O, or a 
uranyl potassium vanadate with three molecules of water of crystal- 
lization. Hillebrand, after a series of analyses, disputes this com- 
position, and holds that the mineral is probably a mixture to which 
the above simple formula is not applicable. 

Carnotite is a light canary-colored powder disseminated through 
a fine-grain sandstone. It is easily soluble in acids, and is treated 
in this way for the commercial production of uranium salts. 
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In October, 1902, I received twenty-five pounds of this ore from 
Richardson, Utah. Carnotite occurs here in the usual way; the 
ore being rather a lean one, no specimens of which carries more 
than 10°, of the mineral carnotite, while the average is greatly 
below this amount. The percentage content of uranium and 
vanadium in this ore was not determined, which is to be regretted. 

The radio-activity compared to uranium, as determined by G. 
B. Pegram, of Columbia University, was .4o. 

After a series of experiments upon a one-pound sample, the 
remainder of the twenty-five pounds was treated as follows: It was 
first leached with hydrochloric acid to remove most of the soluble 
salts; as radium salts are isomorphous with barium salts, and agree 
very closely in their chemical properties and solubilities with the 
similar barium salts, it was thought that strong nitric acid would 
dissolve the small amount of barium the ore contained and also the 
radium with it. 

After the hydrochloric acid treatment the insoluble residue was 
treated with concentrated nitric; these two acid solutions were 
concentrated to small volume. Upon testing them for barium it 
was found that the precipitate would be small, so it was thought 
advisable to add a small amount of barium chloride, which would 


act as a carrier and help in the separation of the small amount of 


radium present; sulphuric acid was then added; the solutions 
diluted and allowed to stand several days to settle; the clear solu- 
tions siphoned off. The resulting sulphates after washing were 
fused with alkali carbonates. The melt dissolved in water, the 
insoluble carbonates after washing free of sulphuric acid were dis- 
solved in hydrochloric acid. Hydrogen sulphide was then passed 
through the solution to free it of lead. From this solution 
free of lead the barium was precipitated as a carbonate, and dis- 
solved in the least possible quantity of hydrochloric acid, when the 
barium and radium will be in the form of chlorides and are in a 
condition to concentrate the radium by fractional crystallization. 
This solution of chlorides was allowed to evaporate slowly until 
about one-half of the contained salts had separated as crystals, 
when the crystals were removed, redissolved, the solution again 
allowed to evaporate slowly until one-half had separated, and so on 


for a third time, when there was obtained as a final product a little 


less than one-half gramme of chlorides, the activity of which com 
pared to uranyl nitrate was about 1500. 
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The residual chlorides amounting to two grammes were recovered, 
and proved to be quite active also; their activity as compared to 
uranium was measured by Pegram as 365. 

The radio-activity of the final product could be increased by 
several fractional crystallizations, when a specimen much less in 
weight, but more active, would be obtained. 

The radio-activity of the specimen as obtained was deemed 
sufficiently high to indicate that radium could be produced in 
quantity from carnotite, at least from this locality, as twenty-five 
pounds of rather a lean ore had been used. Had aton been worked 
over in the same way it would yield a gramme of chlorides of 60,000 
radio-activity as compared to uranium. This specimen was sepa- 
rated in November, 1902, and is as active now as then. 

This establishes without doubt the fact that radium salts are 
dissolved in the acid with which the uranium minerals are treated 
in the commercial preparation of uranium salts. In the crystal- 
lization of these salts the radium would be carried in connection 
with the uranium, as it is in the natural formation of the uranium 
minerals. This would explain to a certain extent the variable 
activity of uranium salts, as their activity is not proportional 
generally to the uranium which they contain. 

Since the separation of this first sample of radium from carnotite, 
I have received specimens of the mineral from other localities, all 
of which are active, their activity depending upon the amount of 
carnotite in the ore. One specimen of quite pure mineral gave an 
activity of 4, the highest observed in the crude ore. 

A short time ago 3.5 kilos (about eight pounds) were obtained 
from Montrose County, Colo., selected specimens of which were 
exposed, in the ordinary way, in making X-ray negatives, with 
very satisfactory results. 

These photographs show very clearly the bands of active carno- 
tite separated by the inactive matrix. 

The plates used were Carbutt’s B, and exposed to the action of 
the mineral for sixty hours. With more sensitive plates the same 
effect could be obtained in much shorter time. 

I am at present at work upon the separation of the uranium, 
vanadium, and radium salts from these eight pounds of ore as an 
exhibit at the St. Louis Fair. This work is as yet not completed. 

After pulverizing and thoroughly mixing, its radio-activity was 
measured as 1.71, compared to uranyl nitrate. It was then treated 
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with dilute acids, as it was intended in this case to boil the insolu- 

le residue in a concentrated solution of sodium carbonate, to 
extract the last of the radium. After the acid treatment the residue 
from the 3500 gms. originally taken weighed 2200 gms. and gave 
an activity of 1.40. The solution contained 1300 gms. of the 
amount taken. 

If the activity is calculated to gramme units compared to uranyl 
nitrate the 3500 gms., activity 1.71 == 5985 units. 

Residue insoluble in dilute acids, 2200 gms., activity 1.40 = 3080 
units. The solution contained, therefore, 2905 units, considerable 
of which would be due to the uranium dissolved and emanation from 
the radium. The dilute acid extracted nearly all of the uranium, but 
there was still some found in the residue. This ore contained con- 
siderable barium and a large amount of calcium. No barium was 
therefore added to the solutions, as before. After precipitation of 
the sulphates, and the separation of barium from other bases, 3.8 
gms. of barium carbonate were obtained, which gave an activity of 
35.8, or 135 units compared to uranium nitrate. This activity was 
measured upon the same day (¢.¢., yesterday) that the barium salt 
was separated from the cther bases; it may be expected that its 


activity will increase, from the accumulation of the emanation ; this 


increase may in some cases amount to several times the original 
activity of the compound when first prepared. 

This demonstrates that dilute, acids, while they dissolve consider- 
able of the barium salts present, the greater proportion of the radium 
is still left in the residue ; but even this amount, which is small com- 
pared to that left in the residue, as indicated by the radio-activity 
of the residue, if calculated upon the basis of a ton, would yield a 
gramme of chlorides of 11,300 activity as compared to uranium. 

These facts prove beyond question that carnotite will become a 
commercial source of radium. 


Princeton University, March 7 
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ON THE OCCURRENCE OF ARTIFACTS BENEATH A 
DEPOSIT OF CLAY. 


BY DR. CHARLES CONRAD ABBOTT. 
(Read April 8, 1904.) 


A recent examination of the surface soils of a shallow valley-like 
depression in upland fields, elevated 50-70 feet above the Delaware 
River and its flood-plain, made evident that the present little brook 
was not the original and only watershed of this tract of land, but 
the remnant of a stream of greater volume which had at one time 
practically filled the valley. To reach the flood-plain of the present 
river, the brook of to-day passes through a deep valley that has 
been worn into the face of the bluff that extends for along distance 
parallel to the river’s course. A bird’s-eye view of the region 
shows at a glance that when the present flood-plain was permanently 
under water, the gully did not exist in its present width and depth 
and the greater volume of the present brook emptied directly into 
the river. As the river’s volume decreased and the stream con- 
fined itself to the channel now existing, the brook wore away the 
face of the bluff until it reached the abandoned river bed or what is 
now a wide meadow, ordinarily dry and cultivable, but occasion- 
ally overflowed to a considerable depth. 

In a cross-section of the upland valley, extending over two 
hundred feet in width, it was found that immediately below the 
present soil and deeper sand as "yet unaffected by decomposition 
of vegetable matter, there was a well-defined deposit of clean, sharp 
river sand, a few pebbles and a trace of clay that resulted in a slight 
cementation of the mass. Besides this condition, there was at one 
part of the section, some forty feet in extent, a deposit -of clay, 
comparatively free from grit and so compact that no object could 
have intruded. It was nine inches in thickness and twenty-four 
inches from the surface of the ground to its base, which was com- 
pact coarse sand, pebbles and a little clay. Resting on this base, 
an unquestionable bed of a water-course, were artifacts, consisting 
of flakes of argillite, artificially produced and the hammer-stones, or 
oval pebbles, with the ends battered by continued violent contact 
with other minerals. 

A closer examination of the spot indicated clearly that the clay 
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was derived from beds of Raritan clay, near the head of the valley. 
For some reason, not now definable, this clay, taken up from the 
bed of original deposition, was redeposited in a circumscribed area 
and, as it proved, at a point where previously traces of man had been 
lost in the waters of a prehistoric stream. Later, this upland 
stream had decreased in volume, shrinking to the present trifling 
brook. The bed of the greater stream had become choked with 
vegetation and eolian sands had drifted in until the valley was no 
longer well defined ; its one-time features finally disappearing when 
forest trees for centuries thickly dotted the ground. For how long 
this condition continued it is impossible to determine. When the 
valley was a forested tract the Indian was in possession. For 
somewhat more than two centuries the forest has been gone and the 
ground under more or less constant cultivation, but the valley is 
still to be traced. 

In the mid-autumn of 1903 there was a phenomenal flood in the 
Delaware River. The water rose to a height unrecorded by man, 
and the river reasserted its right to the flood-plain and beyond, for 
its waters flowed up the ravine and the hillside brook became for 
the time a navigable stream for a considerable distance. It was 
clearly a return for a time to those ancient days when the entire 
condition of the country was essentially different from what now 
obtains—when little brooks were considerable creeks, when 
creeks were rivers, and the river itself a stream that approached the 
present Mississippi in magnitude; and when this was true of the 
tamer conditions of to-day, not only man but an arctic fauna lived 
here. We can only refer such conditions to the closing days of the 
Glacial Epoch. The question of Glacial Man in North America, 
so long a vexing problem, has been found easier of solution than 
was to be hoped for. The evidence above given is not a single 
instance of deeply inhumed artifacts in undisturbed stratified 
deposits; but is submitted as a typical example of many such that 
have been brought to light by the author and other workers in the 
same field. 


Trenton, N. J., April 7, 1904. 
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ONE EXPLANATION OF REPORTED SHOWERS OF 
TOADS. 


BY DR. CHARLES CONRAD ABBOTT. 
(Read April 8, 1904.) 


The frequent references in newspapers to occurrences of ‘‘ showers 

of toads ’’ have suggested to the author that a condition in the life- 
history of the spade-foot toad, a little-known and strictly nocturnal 
species, living in the ground, might explain them more rationally 
than that the little batrachians are picked up by the wind in one 
place and dropped in another, perhaps miles away, or that other 
still more strange view quite common among the ignorant that 
toad-spawn is sucked up by the sun and hatched in clouds, where 
the tadpoles remain until they have advanced to the dignity of 
hoppers, when they fall to the earth. Unlike the common toad 
and the frogs, the spade-foot toad (Scaphiopus solitarius) does not — 
have a regular season for deposition of ova, but the eggs may be 
laid at any time from April 1 to August 31. Furthermore, this 
batrachian does not resort to permanent watercourses or ponds on 
such errand, but takes advantage of temporary pools formed by 
showers of longer duration than is usual. It is remarkable how 
admirably this strange irregularity of an important event should be 
adapted to transitery conditions. Pools of rainwater seldom 
remain long on the ground’s surface. Soakage and evaporation 
*soon obliterate them ; but that this may not prove a fatal objection, 
the eggs of the spade-foot toad hatch in about ninety-six hours, 
and in less than two weeks, or fourteen days at most, the tadpole 
has become a terrestrial animal or a ‘‘hopper’’ and leaves its 
nursery. The development is even more rapid occasionally, I am 
led to believe, being accelerated by excessive warmth or retarded 
if the days are cool and cloudy. 

It will be readily seen that young spade-foot toads, congregated 
in or immediately about a temporary pool, will not wander far from 
it when their subterranean life begins, but will bury themselves in 
the comparatively moist ground where they happen to be. Should, 
at this time of their limited wandering, there occur one or more 
violent showers, the ground being wetted and little pools formed, 
the young spade-foot toads would necessarily, we might say, wander 
over a much wider extent of territory, and, escaping notice when 
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confined to one fast disappearing pool, would be observed when 

dotting the ground over an extent perhaps of an acre or more. 

Seen thus, immediately after rain, and not previously noticed, the 

inference is not so strange that they came to the earth with the 

rain, or that there had been a shower of toads as well as of water. 
Trenton, N. J., April 7, 1904. 


EXPANSIONS OF ALGEBRAIC FUNCTIONS AT 
SINGULAR POINTS. 


BY PRESTON A. LAMBERT. 
(Read April 7, 1904.) 
I, INTRODUCTION. 


An algebraic equation F(x, y) =o of degree in y defines y as 
an #-valued algebraic function of x. When these # values of y are 
all distinct for a given value of x, that value of x is called a regular 
point of the algebraic function, and the # branches of the function 
are extended by applying the law of the continuity of each branch. 

In curve tracing x and y are real variables and ‘only the real 


branches of the function are used. Real values of x and y which 


iF 06 . 
—=0, — =o determine mul- 


. . c 
satisfy the equations /(z, y) = 0, ty 


bx 


tiple points of the curve which represents the equation /(x, y) =o. 
If x =a, y=4 isa multiple point of this curve, the behavior of 
the curve at the multiple point is determined from the expansions 
of y— 4 in terms of x—a. Inasmuch as the transformations 


X= %X%,+a,y=—y,+6 
transfer the origin to the multiple point, the multiple point will 
always be taken at the origin. 

An algebraic equation between complex variables -(w, z) =o 
of degree ” in w defines w as an a-valued algebraic function of z. 


Values of w and z which satisfy the equations A(w, z) =o and 


j, 2 (@, 2%) = 0, determine branch points of the algebraic func- 


tion, that is points where several branches of the function meet. 
The behavior of the function at a branch point is determined from 
the expansions of the function at the branch point. 
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The multiple points in curve tracing and the branch points in 
algebraic equations between complex variables are grouped as the 
singular points of algebraic functions. 


II. HusTorIcat. 


The problem of the expansion of algebraic functions at singular 
points dates back to Newton. Newton’s ‘‘ parallelogram method ’’ 
determines the first term of the expansions as follows. The equa- 
tion transformed to the singular point as origin becomes 

2bun 8" = O. 

Locate on squared paper to rectangular axes the points (m, ») 
whose codérdinates are the exponents of x and yin the various 
terms of the transformed equation. Connect by successive 
straight lines, forming a broken line convex toward the origin, the 
points nearest the origin. The sums of the terms of 2a,,+*"y" = 0, 
for which the points (m, #) are located on the same straight line, 
when equated to zero form equations which determine the first 
terms of the expansions at the singular point. 

Puiseux in his classical ‘‘Memoir on Algebraic Functions,”’ 
Liouville’s Journal, t. XV, 1850, used Newton’s parallelogram 
method and studied in detail the nature of the expansions of 
algebraic functions. Puiseux’s Memoir is made the basis of Briot 
and Bouquet’s ‘‘ Elliptic Functions,’’ and indeed is almost univer- 
sally used in the study of algebraic functions. 

Néther’s method in Annalen, IX, 1876, is representative of the 
more recent methods of expansion of algebraic functions. By suc- 
cessive quadratic transformations the singular point becomes a 
regular point, and from the expansions at this regular point the 
expansions at the original singular point are obtained by reversing 
the quadratic transformations and the reversion of series. 

In the present paper an analytic method is presented which 
determines not only the first terms of the expansions but also the 
successive approximations of the several expansions. The method 
of expansion used is that application of Maclaurin’s series which 
the author employed to compute all the roots of numerical equa- 
tions and which is published in Vol. XLII of the Proceedings of the 
American Philosophical Society. 


Ill. A New Metuop or Expansion. 


For convenience of description the exponents in the equation 
to which the method is applied are assumed numerical. 
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Suppose the algebraic equation wher the singular point is taken 
as origin to have the form 


(1) Gaty + Faty® + Haiy? + Jxty" + Katy” + Ey" 
+ Jxty’ +- Day + Lx*y 4 Cx'y" + Bxy + Ax" = @, 


where”the terms are arranged according to the descending powers 
of y. In this equation y has fourteen branches, which are to be 
separated at the singular point by expanding y as a function of x. 

The terms of equation (1) to be underscored are determined by 
the method used for this purpose in the paper on the “‘ Solution of 
Equations,’’ and which is adapted to the present case as follows. 
If Lamy, AMx™ ym, Nx™sy are any three terms of equation 
(1), the value of 

(2) limit Ma —n, emg (7i—*3) 


eo Lets Ni, Fp B5) F™5(M I) 


is zero, finite, or infinite, It is at once seen that this iimit is zero, 
finite, or infinite, according as m,(m,— m,) is greater than, equal to, 
or less than m,(”, — #,) + m,(n,— m,). 

The underscored terms of equation (1) are all the terms 
which satisfy the following condition. The limit (2) for any three 
consecutive underscored single terms is infinite. If a group of 
terms is underscored as a single term, the limit (2) is finite for all 
the terms of this group, and the limit is infinite for the first term 
of the group and the next preceding underscored term, the limit is 
also infinite for the last term of the group and the next succeeding 
underscored term. 

We now proceed to underscore the terms of equation (1) to 
satisfy this condition. 

Underscore the first term of (1), and determine the limit (2) for 
the first three terms of (1). Since the limit is infinite, underscore 
the second term of (1) temporarily. 

Determine the limit (2) for the terms 2, 3, 4. The limit is 
zero and term 3 is not underscored. Next determine the limit (2) 
for the terms 2, 4, 5. The limit is infinite and term 4 is tempor- 
arily, term 2 permanently underscored. 

The limit for terms 4, 5, 6 is zero, the limit for terms 1, 2, 6 is 
infinite. Hence term{4 does not remain underscored, and term 6 
is temporarily underscored. 
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The limit for the terms 2, 6, 7 is infinite, the limit for terms 6, 7, 
8 is zero, the limit for the terms 2, 7, 8 is infinite. Hence term 6 
permanently underscored, term 7 is not underscored, and term 8 is 
temporarily underscored. 

The limit for terms 6, 8, 9 is infinite, for terms 8, 9, 10 zero, 
for terms 6, 8, 10 infinite. Hence term 8 is permanently under- 
scored, term g is not underscored, and term 1o is temporarily 
underscored. 

The limit for terms 8, 10, 11 is infinite, hence term to is 
permanently underscored. 

The limit for terms 10, 11, 12 is finite, and these three terms 
are underscored as one term. 

The several equations formed by retaining in equation (1) in 
succession only consecutive underscored terms, if these terms are 
single, and if a group of terms is underscored by retaining only the 
group pf terms, the first term of the group and the next preceding 
underscored term, and the last term of the group and the next 
succeeding underscored term, will determine the first approxima- 
tions of the fourteen branches of the function. 

These equations are 


a) Gty+ F=0, 6) F*y’+F=0, c) £%+ Dx*=0, 
@) Dy + Cxt=0, 6) G+ Baty + Axt =o, 
and the fourteen first approximations are 


I 


F Ey} pD\t 
a) y=—s>) ‘)y=(- F) @ -)y=(—F) at, 


x 


1 


| Cv. 4 2 —-BtyY B-4Ac 
d) y=(—5) *) I= 


3 
; x. 
2¢ 


Of these fourteen branches the separate branch g) and the three 
separate branches 4) go through infinity when x0. The cycle 
of five branches ¢), the cycle of three branches @), and the two 
separate branches ¢) constitute the ten branches which meet at the 
singular point. 

If a factor ¢ is introduced in succession into all the terms of 
equation (1) except the terms used to determine the first approxi- 
mation of a branch of the function, the successive approximations of 
this branch are determined by developing y in ascending powers of 
t, x considered constant, by Maclaurin’s Series and making ¢ unity 
in the result. | 
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IV. BEHAVIOR OF BRANCHES OF ALGEBRAIC FUNCTIONS. 


If the algebraic equation takes the form 2a,,,x"y" =o when a 
regular point is taken as origin the method of expansion deter- 
mines # separate branches of the function. 

If the origin is a singular point of 2a,,x™y" —o the behavior of 
the several branches is determined as follows. 

a) If the first approximation is independent of x or contains a 
negative power of x, the corresponding branches are either finite or 
infinite and consequently these branches do not go through the 
singular point. 

6) To each pair of consecutive underscored terms in which the 
exponents of y differ by unity there corresponds a separate branch 
of the function through the singular point. 

¢) To each pair of consecutive underscored terms in which the 
exponents of y differ by more than unity there corresponds a sepa- 
rate cycle of branches hanging together at the singular point, pro- 
vided the exponents of x and y in the equation determining the 
first approximation are prime to each other, and the number of 
branches in the cycle equals the exponent of y. If, however, the 
exponents of x and y in this equation have a common divisor 
greater than unity, the corresponding branches break up into cycles 
equal in number to the common divisor and the number of 
branches in each cycle is the exponent of y divided by the common 
divisor. 

ad) If a group of terms is underscored and the equation formed 
by equating this group to zero has equal roots, these equal roots 
must be removed before the branches corresponding to the group 
can be separated. If this equation is now solved the branches will 
be separated into single branches and cycles of branches, provided 
the exponents of y in this equation have no common divisor 
greater than unity. If, however, there is a common divisor greater 
than unity the branches corresponding to this group break up into 
sub-cycles. 


V. APPLICATIONS IN CURVE TRACING. 


Example /.—Let it be required to trace the curve represented 
by the equation 


(1) »*—3a4y — vty + 9x'y + 2x" 22" = 0 


in the neighborhood of the singular point (0, 0). 
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Collecting terms in like powers of y 


(2) y° + (— 3x*— 2° + 9x") y + (2%* — 2x*) = 0. 
Since in a first approximation the lowest powers of x in the several 
coefficients alone count, this equation may be written 
(3) ¥ — 3x + 2x* = 0. 


The application of the method of underscored terms shows that 
in equation (3) the three terms must be underscored as one term, 
hence 


(4) x — 3x4y + 2x8 = 0. 


The equation y* — 3x‘y + 2x*—=o0 has two roots each equal to 


x 


Diminishing each root of equation (1) by x’, if we write y= 
J, + x*, we obtain the equation, 
(5) n° + 32%? + (— 2° + 92") y, + (— 3° + 9%°) = 0. 

Retaining for a first approximation only the lowest powers of x 
(6) yy + 32°72 — 2'y, — 32" =0. 

In equation (6) the terms 1, 2, 4 must be underscored, that is 
(7) I’ + 321" — xy, — 3° = 0. 

From equation (7) the first approximations of y, are 


3 


(8) n= — 3, N=, = — **. 


Consequently the first approximations of y are 


(9) y=— 2X, y= H+ 2, yy HV? — 2’. 


The three branches of y are separated by these approximations 
and the behavior of the curve at the multiple point is found by 
tracing the three equations (9) in the neighborhood of the origin. 

Example 7/.—Let it be required to trace the curve represented 
by the equation 


(1) ¥ —3x'y + gx'y + 22° = 0 


in the neighborhood of the singular point (0, 0). 
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To obtain a first approximation this equation may be written 


(2) ¥ — 3x*y + 2x = 0. 


The three terms of this equation must be underscored as a single 
term, when it is found that the equation from which the first 
approximations are to be found has two roots each equal to x’. 

Transforming equation (2) by writing y = y, + x’, there results 


6h 423 2,,2 ) 7 Pi 
(3) Wr 3% Iv’ + OXI + 9%? =O. 
In equation (3) terms 1, 2, 4 must be underscored, which gives 


I 


(4) yi° + 3x*y? + oxy, + ox? 


== 0. 
The first approximations of y, are 
/ Sey + 3 
(5) ¥: = — 32", 9, = 382", Y, = — 32", 
and consequently the first approximations of y 
(6) y= — 22', y = x? + 3x", y = x? — 38x". 
The approximations (6) separate the three branches of the 
curve at the multiple point. 
VI. APPLICATIONS IN FUNCTIONS OF THE COMPLEX VARIABLE. 


Example J.—Let it be required to determine the behavior of the 
five-valued algebraic function defined by the equation 


4 
(1) w#—(1 —2’) wt — =, #(1—27)*>=0 


at the branch-points of the function. 
The branch-points, the common solutions of (1) and the partial 
derivative of (1) with respect to w, 


(2) 5w'—4(1—2") w =o 


are located at zo, s== +1. 


At s=o the first approximations of w are determined by the 


equation 
4* 
(3) =~) s° == 0. 
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These first approximations are 
3 ? 


3 
.. ast, — az’, aiz’, — iz’, where a satisfies the equation 


a‘ —_ — a 
_ 


This shows that at the origin there is one separate branch, and 
two separate cycles of two branches each. 

To determine the behavior of the function at z= +1, place z = 
¢ +1 in equation (1). There results 

4¢ 

(4) w — (F 22’ — 2") wt— 58 (2 F 1) (F 22 — 

which for a first approximation may be written 
6 4 


e., 
(5) w+ 2270*—-—; 2’ =O0. 


The first approximations are 
? = = (4) s/t 


from which it is seen that at the branch-points z = + 1 five branches 
of the function hang together in a cycle. 
To determine the behavior of the function at the point z= o, 


° . I I 
w == oo, substitute in (1)z = —, w= —, whence 


yio 


4 
(6) 7 (I— 2 )w — 2" (1— 2") Ww — = 0. 


Equation (6) for a first approximation at (u'—o0, 2s =o) may 
be written 


Equation (7) has two roots each equal to —i3". Increasing 


each of the five roots of (6) by +- 22" and retaining for a first approxi- 


mation only the lowest powers of z in the several coefficients, 


(8) ; 0 . P ‘ } : e wi aie 


Equation (8) shows that at the point (w= oo, z = oo) the func- 
tion has five separate branches, that is the point at infinity is not a 
branch-point of the algebraic function. 
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Example II.—To illustrate the method of finding the successive 
approximations let it be required to determine to three terms the 
expansion of the branches of the cycle corresponding to the under- 
scored terms of the equation 


(1) w — 2a? —"w— 2" = 0. 


Introducing a factor ¢ into the terms of (1) which are not under- 
scored, then differentiating twice with respect to ¢ considering z 


constant, 
(2) #8 — su*® — "wt — 1 ¢— 0. 


( of aw i dw 1 dw at “er 
3) 5 On ee aes nk Zz =O. 
* a*w dw? , dw 
f 4 ’ | 3 4 i ea 
(4) (5u4 — 22°w —2'/) st -++ (20u* — 22*) —, 22' — =0. 
Making ¢ =o in (2), (3), (4) 
__ ¢ (dw\ | he LY (Pw, 
(w),=s (3% »=t2"4+} » (Sa )e= oe, 
Substituting in Maclaurin’s series 
aw aw*\ 7 
w= (w), + ( dt ) cad (a ) er: 
and making ¢= 1 in the result we find 
? ; 9 14 
(5) w=2 +42°+ 42° 


which is correct to three terms. Equation (5) has the form of a 


power series in s* beginning with the fourth power and represents a 
cycle of three branches of the algebraic function w hanging 
together at the singular point. 


Lehigh University, South Bethlehem, Pa., April 7, 1904. 
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THE HAMITES AND SEMITES IN THE TENTH CHAP- 
TER OF GENESIS. 


BY MORRIS JASTROW, JR. 
(Read April 4, 1903.) 
I. 


The roth chapter of Genesis is generally admitted to be one of 
the most remarkable but also one of the most puzzling documents 
of antiquity. Scholars have been engaged ever since the days of 
the Talmud’ and of Eusebius in attempts to identify the nations 
named in the chapter and in endeavors to determine the point of 
view from which the division of nations has been made and to 
ascertain the character of the underlying ethnological and ethno- 
graphical scheme, if there be one inthe chapter. Modern research, 
aided to a certain extent by ancient tradition, has succeeded in 
identifying a large number of the nations enumerated,’ but the 
attempts to discover any system in the grouping of the nations have 
failed chiefly because of the erroneous assumption that an ancient 
document could give evidence either of scientific accuracy or of 
ethnological finesse. An adequate conception of what really con- 
stituted a nation lay beyond the mental horizon of the ancient 


For a partial bibliography see Dillmann’s Gemesis (Engl. transl. of sixth ed., 
Edinburgh, 1897), p. 325. For the Talmudical views and identifications see 
Neubauer, Za Geographie du Talmud (Paris, 1868), pp. 421-429. 

2See for recent expositions the commentarizs of Gunkel (1901), Holzinger 
(1899), Strack (1894), and Driver (1903) to the chapter in question; also 
Schrader, Cuneiform Inscriptions and the Old Testament (London, 1885), Vol. 
i, pp. 61-103; and Glaser, Skizze der Geographie und Geschichte Arabiens, ii 
(Berlin, 1890), chaps. 26 to 28. The chapter in Alfred Jeremias’ Das Alte 
Testament im Lichte des Alten Orients (Leipzig, 1904), pp. 145-170, is to be 
especially recommended as the latest summary of accepted identifications and 
because of its valuable supplementary statements, and suggestions toward the 
solution of the many problems in the 10th chapter of Genesis. A serious defect, 
however, of Jeremias’ treatment of the chapter is his failure to take sufficiently 
into account its composite character, consisting, as it does, of two distinct docu- 
ments together with many glosses and insertions. Thus, what he says about the 
supposed “ Arabian ”’ origin of Nimrod (p. 158) falls to the ground if verses 8-12 
are recognized as an addition that stands in no connection with verse 7; nor 
does Jeremias’ general view of the Via/kertafel as a unit (p. 145) commend 
itself in the light of the critical analysis of the chapter. 
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world, certainly of the ancient Orient. Apart from a certain 
instinct—to speak indefinitely—which correctly led a people to 
predicate its own closer or remoter relationship to others, reliance 
was placed on more or less uncertain traditions, and the value of such 
tradition was still further diminished by the subjective factors—a 
people’s likes and dislikes, its experiences and ambitions—that 
entered as elements into its formation; and when we pass beyond 


the immediate political environment of an ancient people, we must 
be prepared for a nebulousness of views that is almost inconceiv- 
able to a modern mind and for inconsistencies that are as bewil- 
dering as they are numerous. In view of this, it is evident that the 
critical analysis of the chapter to which modern scholarship has 
devoted itself with marked success is insufficient for a solution of 
the problems involved unless it also takes into account the uncriti- 
cal attitude of the ancient world toward ethnological and geo- 
graphical data. 

The critical analysis of the roth chapter of Genesis has reached 
a stage that may, with reasonable certainty, be regarded as definite 
and as having attained its utmost limits. Of the two documents 
combined to form the present Vé/kertafe/—to use the convenient 
German term—the one that forms part of the Priestly Code, dis- 
tinguished by critics as P, forms the chief element, as is the case 
throughout the first eleven chapters of Genesis,’ while the other, 
designated as J, has only been drawn upon to the extent of furnish- 
ing supplementary data, though at times those supplementary data 
exceed in length the account in P, and, occasionally, J furnishes 
material, like the story of Cain and Abel, not found in P at all. In 
the case of the 1toth chapter, while J is actually longer than P, 
yet the latter document represents a far closer approach to a syste- 
matic arrangement, whereas J, marked by many glosses, is extracted 
in so arbitrary a fashion in order to supplement P that it is difficult 
to obtain an accurate view of the system followed by the “J”’ 
document in its original form. 

When the two documents are placed side by side, the differences 
between them will become clear. 


' Wellhausen, Composition des Hexateuchs (3d ed., 1899, pp. 4-7). 

* Budde’s Urgeschivhte, pp. 499 5¢., pp. 464-465, and also pp, 521-531, 
where the Jahwistic source in the first eleven chapters of Genesis is put 
together. 
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P, 


10, (1a) These are the generations of 
the sons of Noah; Shem, Ham and 
Japheth. (2) The sons of Japheth 
were Gomer, Gog,! Madai, Javan, Tu- 
bal, Meshech and Tiras. (3) The 
sons of Gomer were Ashkenaz, Rip. 
hath and Togarmah. (4) The sons of 
Javan were Elishah, Tarshish, Kittim 
and Rodanim.? (5) Of these the islands 
of the nations branched off. [These 
are the sons of Japheth] according to 
their lands, each according to his lan- 
guage, according to their clans among 
their nations. (6) The sons of Ham 
were Cush, Mizraim, Put and Canaan. 
(7) The sons of Cush were Seba, Havi- 
lah, Sabtah, Raamah and Sabtechah. 


The sons of Raamah were Sheba and | 


Dedan. (20) These are the sons of 
Hlam according to their clans, their 
language, according to their lands 
among their nations, (22) The sons 
of Shem were Elam, Asshur, Arpach- 
shad, Lud and Aram. (23) The sons 
of Aram were Uz, Hul, Gether and 
Mash, (31) These are the sons of 
Shem according to their clans, their 
language, according to their lands, ac- 
cording to their nations. (32) These 
are the clans of the sons of Noah ac- 
cording to their generations, among 
their nations and from them the nations 
were divided in the earth after the 
flood. 


1 Hebrew text has magog, which, 
however, appears to be an error for 
£0. 

?So read according to I Chr. 1, 6 
instead of Dodanim. 
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J. 


g, (18) The sons of Noah that went 
forth of the ark were Shem, Ham and 
Japheth (gloss: ana Ham is the father 
of Canaan). (19) These three were the 
sons of Noah; and of them was the 
whole earth overspread.. . . . (10, 10) 
to them sons were born after the flood. 
(8) Cush begat Nimrod. [He was the 
first mighty one in the earth. (9) 
He was a mighty hunter before Yah- 
weh: wherefore the saying: A mighty 
hunter like Nimrod before Jahweh. 
(10) The beginning of his kingdom 
was Babel, Erech, Accad and Calneh 
in the land of Shinar. (11) Out of 
that land he went forth to Assyria and 
founded Nineveh, Rehoboth-Ir, Calah 
and (12) Resen (between Nineveh and 
Calah) (gloss: ¢hat is the great city)). 
. +++ (13) Mizraim begat Ludim, 
Anamim, Lehabim, Naphtuhim, (14) 
Pathrusim, Casluhim and Capthorim 
(gloss: whence went forth the Philis- 
times'). [( 15) Canaan begat Sidon 
his first born and Heth (16) (gloss: 
the Febusite, Amorite, Girgasite, 
(17) Hivite, Arkite, Sinite, (18) Ar- 
vadite, Zemarite and Hamathite)}, 
Afterwards the clans of the Canaanite 
spread, (19) so that the boundary of 
the Canaanite extended from Sidon to 
Gerar [gloss: to Gaza] to Sodom and 
Gomorrah [ gloss: to Admah and Ze- 
boim] to Lasha (21) And to 
Shem also (sons) were born, the father of 
all the sons of Eber, the elder brother 
of Japheth (24) Arpachshad 
begat Shelah and Shelah begat Eber- 
(25) To Eber two sons were born, the 
name of the one was Peleg (gloss: 
Sor in his days the earth was diviaed*) 
and the name of his brother was 
Joktan, (26) Joktan begat Almodad, 
Sheleph, Hazarmaveth, Jerah, (27) 
Hadoram, Uzal, Diklah, a Obal, 
Abimael, Sheba, (29) Ophir, Havilah 
and Jobab. All these were the sons of 
Joktan. (30) Their settlement was 
from Mesha to Sephar, the mountain of 
the east. 


1Cf, Amos 9, 7; Jer. 47, 4; Deut. 
2, 23. 
2 niphiega. 
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Il, 
Beginning with 10, 1°, as a heading, 


‘* These are the generations of the sons of 
Noah; Shem, Ham and Japheth,”’ 


P furnishes (verses 2—5) the list of nations sprung from Japheth and 
then takes up (vv. 6-7) the second son Ham, the close of which 
enumeration is to be sought in v. 20. Thirdly, Shem, the oldest son, 
is taken up (vv. 22—23), the continuation appearing in v. 31, while 
v. 32 represents the conclusion of the version as follows : 

‘* These are the clans of the sons of Noah, according to their 
generations, according to their tribes and from them the nations 
were divided in the earth after the flood.” 

It will be observed that in this compact survey, resting on the 
theory of the descent of all the nations of the earth from a single 
ancestor, Noah, through three groups represented by Noah’s three 
sons, there are decided inequalities in treatment. Of the sons of 
Japheth, only two, Gomer and Javan, are carried down into further 
subdivisions. In the genealogy of Ham, only one, Cush, is singled 
out for further subdivision, but this one is carried down through 
its branch, Raamah, into a further subdivision, while of the sons 
of Shem, again, only one, Aram, is further subdivided. Now it is 
noticeable that none of these nations particularly singled out are 
such as have had any close or direct contact with the Hebrews. 
The identification of Gomer with the Gimirrai who appear in the 
inscriptions of Assyrian kings being quite certain,’ the subdivisions 
of Gomer, viz., Ashkenaz,’? Riphath and Togarmah, must likewise 
represent peoples whose settlements are to be sought in the north- 
eastern or eastern section of Asia Minor. They belong to the 
‘*extreme north,”* have nothing to do with Hebrew history and 
could only have been of interest to Hebrews because of the general 
terror inspired throughout the ancient Orient by the threatening 


‘Cf. Schrader; Cuneiform Inscriptions and the Old Testament, i, p. 62, and 
Meyer, Geschichte des Alterthums, i, pp. 516 and 543-548. 

* Distorted from Ashkuza, according to Winckler (Xezlinschriften und das 
Alte Testament, i, p. 101), who regards them as the Scythians. 

‘Cf, Ezekiel 38, 6. Ashkunaz is only referred to once again in the Old Tes+ 
tament, viz., Jer. 51, 27; Riphath not at all and Togarmah twice in Ezekiel 
27,14; 38,6. The parallel Vi/kertafel (I chr. i, 5-25) dependent on Genesis 
10 is, of course, excluded from consideration. 
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advance movement of northern hordes during the seventh century 
B.C. The case is somewhat different with Javan, which is to be 
identified with Ionia." While none of the subdivisions of Javan 
enter into direct relations with the Hebrews, with the possible 
exception of Tarshish,? until the t'me of the inpouring of the 
Greeks into Semitic settlements aft: r the conquest of the Greeks, 
Cyprus, represented by Kittim, as well as Rhodes, represented 
by Rodanim,*’ must have been at all events familiar names to 
the Hebrews in pre-exilic days. A certain amount of interest 
due to commercial relations may also have been attached to the 
settlements of the Greek archipelago, comprised under the desig- 
nation, ‘‘ Islands of the Nations.’’ For all that, the sons of Javan 
have little to do with Hebrew history proper until a comparatively 
late period. Among the sons of Ham—Cush, Put, Mizraim and 
Canaan—we might have expected the two last-named to have been 
taken up in detail and carried down into further subdivisions. If 
instead of this, it is Cush that is carried down into two subdivis- 
ions, the conclusion appears justified that in this case, likewise, 
the point of view is not that of one primarily interested in Hebrew 
history ; and it is equally remarkable that of the sons of Aram, 
viz., Uz, Hul, Gether and Mash, the last three are never mentioned 
again in the Old Testament, while Uz appears only as the home of 
Job and in a passage in Lamentations (4, 21) where it is used in 
parallelism with Edom.* ‘To be sure, we have the genealogy of 
Shem in the line Peleg-Eber once more introduced in P, namely, 
Genesis 11, 10-26, and this time carried down to the immediate 
ancestor of the Hebrews, Abram. But the very fact that this is not 
done in the roth chapter is a further proof for the proposition that 


1The term is, however, extended to include Greeks in general (see Meyer, 
Geschichte aes Alterthums, i, p. 492). In a paper read before the American 
Oriental Society at Washington, April 8, 1904 (to be published in Vol. 25 of the 
Fournal of the Amer, Or. Soc.), Prof. C. C. Torrey showed that in the book of 
Daniel (8, 21 ; 10, 20; 11, 2) and in the first book of Maccabees, as well as in 
the Talmudic notices, Javan is even used to designate the Greek kingdom of Syria, 
replacing the earlier usage as, ¢.g., in the roth chapter of Genesis, for which we 
would thus have as a terminus ad quem the fourth century B.C, 


*See Haupt’s discussion of the historical and archzological problems 
connected with Tarshish in his paper published in abstract in the Proceedings 
of the Thirteenth International Congress of Orientalists (1902), Section v. 


3 Jer. 25, 20, is to be excluded, because of the doubtful state of the text. 


PROC. AMER. PHILOS. SOC. xLIt1. 176. L. PRINTED JULY 13, 1904. 
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the enumeration of the thirty-four nations or groups included in 
P’s Vilkertafel is not done from the point of view of one inter- 
ested in Hebrew history. The situation is just reversed when we 
come to the other source, known as J, which has been combined 
by later compilers with P. Though, unfortunately, only a frag- 
ment of the original Vo/kertafel of the Jahwist has been preserved, 
yet what data there are, including a number of later glosses and 
other additions, are all of a kind that betray a manifest interest in 
Hebrew history and not in general ethnology. 


Ill. 


For the introduction to the second version, we must go back to 
the close of the gth chapter where we read (verses 18-19): 

‘*‘The sons of Noah that went forth of the ark were Shem, 
Ham and Japheth.' These three were the sons of Noah and of 
them was the whole earth overspread.”’ 

The continuation of the genealogical tradition appears chap. 10, 1°: 


**to them sons were born after the flood.’’ 


After which a break occurs and when we again encounter this 
Jahwistic version (10, 8) we are in the midst of the genealogy of 
the Hamites, which extends from verses 8 to 19. First Cush, who 
begets Nimrod, is taken up, then Egypt and finally Canaan with 
its offshoots. A second break follows and when the Jahwistic source 
is again resumed, verses 21 and 24-30, the genealogy of Eber the 
son of Shem is set forth. Fragmentary as the version thus is—the 
genealogy of Japheth, ¢.g., being entirely wanting—a further 
analysis points to at least two strata of tradition which, apparently 
distinct from the Jahwistic Vé/kertafel, have been combined with 
it, together with a number of supplementary or explanatory glosses. 
The little section 8°* to 12, enlarging upon Nimrod and the origin 
and extension of Babylonia and Assyria, is couched in an entirely 
different style from 9, 18-19 and from ro, 13-14, and even in this 
section verse g*, which aims to furnish an explanation for a 


' There is added here a gloss, “ and Ham is the father of Canaan,” to pre- 
pare us for the tale of Ham's disgrace and for the confusion between Ham and 
Canaan in the curse pronounced by Noah upon his youngest son (vv. 25-27). 

*The words “and Cush begat Nimrod (8*) may belong to the original 
Jahwistic Vélkertafel. 
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popular proverb, is a gloss added to the section itself, and interrupts 
the context. Again 16-18* represent either a series of glosses or 
belong to a different source, while the style of verses 21 and 25-30 
is so different again from chap. 9, 18-19, etc., that we are forced to 
assume here likewise a different stratum. Gunkel’ distinguishes 
these two strata as Jj and Je, on the supposition that the Jahwistic 
documents in the book of Genesis represent the combination of the 
original Jahwist with additions from the Elohist. Whether we 
accept this or not, there can be no doubt that within the Jahwistic 
version several distinct and originally independent sections are to 
be distinguished. In accordance with this view, we would have of 
the original Jahwistic Vé/kertafel only a brief notice about Cush, 
a fuller one of Mizraim, while in the case of Canaan there is left 
only the indications of the geographical boundaries of Canaanitish 
settlements. Still all these three groups are of profound interest to 
a Hebrew historian, Cush because of Nimrod the representative of 
the Babylonians and Assyrians, while Egyptians and Canaanites 
enter of course into Hebrew history at frequent points and at 
important crises. 

Taking up the additions to the remains of the original Jahwistic 
list of nations, it will be found that they fall in the same category 
of data that have a special interest for the Hebrew historian. ‘The 
notice about Nimrod specifies the important centres of the Euphrates 
Valley, Babylon, Erech, Accad (= Agade) and Calneh.’ In agree- 
ment with the testimony of modern research, the foundation of 
Assyria is traced back to Babylonia and the extent of Nineveh, 
‘«the great city,’’ with its suburbs is set forth. 

The introduction of Heth as a son of Canaan (154) may 
represent already a supplement to the original Jahwistic document, 
added because of the interest that the Hittites have for Hebrew 
history,’ and to this notice a complete list has been added of the 
groups of the Canaanitish nations which the Hebrews found upon 
entering the country and with whom they are thus brought into 
direct contact.‘ Leaving aside variants or further specifications 

1 Genesis, p. 77. 

2 According to the Babylonian Talmud (Yoma 1o*), Nippur. 

8 For a summary of the relations between Hebrew and Hittites, see the writer’s 
article “ Hittites” in the Ancyclopedia Biblica, Vcl. Il. 

4 It is to be noted, however, that verses 17-18 furnish names of groups out- 
side of the Hebrew settlements proper in Canaan. 
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of the geographical boundaries of Canaanitish settlements, we have 
lastly the genealogy of Shem, introduced, however, as the opening 
words show (v. 21), 


‘** To Shem also (sons) were born, the 
father of all the sons of Eber,”’ 


for the sake of Eber to whom, through the Eber-Peleg line, the 
Hebrews are directly traced back. Since, however, this genea- 
logical chain is furnished by P in the following chapter (11, 16-26) 
the final redactor contented himself in the roth chapter with sup- 
plying from the J source the genealogical line of the other son of 
Eber, namely, Joktan. This list of Joktanides (verses 26-30) is 
most valuable for several reasons. In the first place it furnishes 
the proof for the thesis that the redactor who combined J and P 
uses the former source as a supplement to P and secondly it shows 
conclusively that J* contained much fuller. indications than the 
other extracts from it used by P might lead us to believe. Indeed 
the thirteen subdivisions of Joktan represent a much fuller genea- 
logical chain than any to be found in P which records only seven 
subdivisions for Japheth and five for Cush.” The special reason 
why the redactor introduces this long line of Joktanites appears to 
be because it embodies a varying addition from P which places 
Havilah among the sons of Cush and Sheba under Raamah the son 
of Cush (verse 7), whereas the other source includes Havilah and 
Sheba among the Joktanites (verses 28-29) and thus makes them 
descendants of Shem. It is hardly reasonable to suppose that so 
palpable an inconsistency should have escaped the notice of the 
redactor and it is certainly more plausible to assume that just 
because of this contradiction between the two sources, both were 
introduced side by side, in accordance with the general character 
of historical composition in the ancient Orient which is so largely 
compilation. The Arabic historians of later days who are the 


‘Or FE (¢.¢., Jahwist and Elohist) if we follow Gunkel’s view as set forth 
above (p. 179). 

2 If it be assumed that the enumeration of the Eber-Peleg line in the 11th 
chapter has been transferred from its proper place in P’s Vi/kertafel, it would 
follow that P’s list may also have originally been somewhat fuller than at present 
appears, but this would not alter the main proposition that P represents the 
éasis in the 10th chapter of Genesis, supplemented by J and possibly other 
sources, 

































1903. } JASTROW—THE HAMITES AND SEMITES. 181 


natural successors of the Hebrew compilers and redactors would 
have proceeded in the same way, only they would probably have 
introduced the second source by the word 4i/a, *‘ others say,’’ and 
would have summed up the situation by the usual exclamation, 
‘** Allah knows best ’’—which source is correct. 

How complete the Jahwistic Vé/kertafel originally was is, of 
course, a question to which no definite answer can be given. If the 
reference to Nimrod as the son of Cush (8*) belonged to the oldest 
source in J, it would suffice as evidence that at least two branches— 
Semites and Hamites—were included and this conclusion is con- 
firmed by the inclusion of Canaan and Mizraim (13-15) but there 
is no reference in any of the remaining parts of J to Japheth. This 
may of course have been due to the omission of the Japheth gene- 
alogy by the redactor who combined J with P, and if this be the 
case the further conclusion would be justified that J contained 
nothing of moment with regard to Japheth that was not already 
mentioned in P. But besides the possibility that J did not con- 
tain any genealogy of the descendants of Japheth—though in view 
of the heading Gen. 9, 18 this is unlikely—there remains as an 
alternative that Japheth may have been included by J under Shem. 
There are some strong reasons for concluding that such was the 
case in at least one of the sources worked up by the ‘J ’’ school 
of narrators. Attention has long since been directed’ to the cir- 
cumstance that in the story of Noah’s curse pronounced on his 
youngest son (9, 25-27) which is attributed by Gunkel’ to J*, the 
name of the son who is disgraced is Canaan, doomed to be “‘a 
servant of servants unto his brethren,’’ and this is emphasized by a 
triple repetition of the curse (verses 25, 26, 27), each time with 
the name of Canaan. It follows accordingly that the three sons 
according to what is evidently an earlier tradition are Shem,’ 
Japheth and Canaan. In the poetical fragment of the curse, 
Shem and Japheth are represented to be in close contact with each 
other. Accepting with Gunkel,* Gritz’s simple and striking 
emendation of verse 26”, 


1See, ¢.g., Budde, Urgeschichte, p. 300 sg., and the discussion of Gunkel 
( Com. to Genesis, pp. 71-76) and Holzinger (Genesis, pp. 91-93), 

2 Genesis, p. 71. 

3 Or perhaps Eber, See below, pp. 201 and 204. 

*Z.c.,p. 78 The change proposed by Gritz merely involves an alteration 
in the vowels of one word 4arakh (« blessed”) for which Gratz suggests darekh 
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‘* Bless, O Jahweh, the tents of Shem,”’ 


we find in the next verse the hope expressed that Japheth ‘‘ may 
dwell in the tents of Shem.”’ Whatever else may be meant by this 
phrase, it certainly points to a close association of Japheth with 
Shem. The phrase is intelligible only on the supposition that 
Shem and Japheth represent two subdivisions of some larger unit in 
alliance against a common enemy, Canaan; the three—Shem, 
Japheth and Canaan—so far from representing the nations of the 
known world, would thus turn out to be originally designations for 
tribes or clans dividing between them a comparatively restricted 
strip of territory. Canaan is of course a perfectly definite geogra- 
phical and ethnic term, and if he is to be the servant of Shem and 
Japheth, it can only be because he has been or is to be reduced to 
servitude and subjection in his own land, and if Shem and Japheth 
are the subjectors they too must belong to the district in which 
Canaan lies. Shem in the combination stands for the Hebrews 
as conquerors of Canaan and whatever may have been meant by 
Japheth—presumably some allies of the Hebrews—the Japheth in- 
troduced into the poetical fragment of Noah’s curse is totally 
different from the Japheth who appears in the toth chapter in P as 
the ancestor of the ‘‘ distant ’’ nations or groups. 

The later stratum of J no longer knows the subdivisions Shem, 
Japheth and Canaan. Ham has taken the place of the latter and 
in order to reconcile the contradiction between the older poem and 
the later story of Ham’s conduct towards his father, the gloss is 
added in verse 18 ‘‘and Ham is the father of Canaan ”’ and again 
in verse 22 the words ‘father of Canaan” after Ham’s name.’ 
The story and the poem do not appear to have originally stood in 
any connection with each other, the latter being here introduced 
merely as an appropriate climax, just as elsewhere in the Old Testa- 
ment we find snatches of old poems attached to later narratives 


« bless ’’ (imperative) and the change of e/0h2 Shem « God of Shem ” to ’Ohole 
Shem “tentsof Shem.” Budde (U7geschichte, p. 73) proposes to read é*rakh 
and to omit ¢/0/2 so that the section would read 
“ Blessed of Jahweh is Shem.” 

The objection to this view (though preferred by Holzinger, /. ¢., p. go) is 
the omission of a word whose presence must be accounted for. 

1 This view seems to me more satisfactory than to regard “ Ham the father ”’ 
as the gloss which, to be sure, would make Canaan the chief actor as in the 
original form of the story was the case. 





1903. ] JASTROW—THE HAMITES AND SEMITES. 183 


having no connection originally with the tale itself.. Whether 
the introduction of Ham led to the implied change and to the en- 
largement of the conceptions connected with Japheth is, again, a 
question on which it is useless to speculate, and we must content 
ourselves with the recognition of the wide gulf existing between 
Shem, Japheth and Canaan on the one hand as they appear in the 
old poem and Shem, Ham and Japheth as found in the later strata 
of J and in P. The poem is a fragment of an old composition 
reflecting tribal dissensions—probably in Palestine—whereas the 
later figures of Shem, Ham and Japheth belong to the period of an 
enlarged historical perspective and of more advanced political 
organization, when, through contact with the nations around, 
interest was aroused in the larger aspects of humanity as a motley 
group of peoples and when speculation arose as to the origin of the 
great variety of nations into which mankind appeared to be divided. 
This speculation woven in with more or less uncertain traditions 
and legendary lore finds its first definite expression in a survey of 
the nations of special interest to the Hebrews and its final outcome 
in such an elaborately constructed list as is furnished by the present 
Vilkertafel. 
IV. 

Coming back, now, to this contrast presented by the remains of 
an older Vé/kertafel as embodied in J and the later one in P, we 
are permitted to conclude from the fact that the final redactor of J 
and P supplemented P’s list by data which bear primarily on those 
nations with whom the Hebrews came into more or less close con- 
tact in the course of their history, and since J (with later editions) 
constituted the source of the compiler for such data, J’s Vilkertafel 
would thus represent the natural intermediate stage between an 
indifference on the one hand to the determination of the relation- 
ships existing between the nations of the known world—the feature 
of the period in which Shem, Japheth and Canaan living in close 
proximity to one another marked the extent of ethnological inter- 
est—and the endeavor, on the other hand, to view this relationship 


1 £.g , the so-called “ Song of the Well’? (Numbers 21, 18) which certainly 
does not fit in with the narrative in which it has been inserted, and the “ Song 
of Heshbon ” (74. vv. 28-30) which is a song celebrating the triumph of some peo- 
ple—hardly the Hebrews—over Moab and which is introduced in connection 
with a tale of Israel’s victory over Sidon. See Gray’s Commentary to Numéers, 


Pp 301, 302. 
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from the broadest standpoint possible to an ancient writer or to a 
school of ancient writers with imperfect ethnological conceptions 
and still swayed to a certain extent by various subjective factors. 

If, therefore, Japheth formed part of J’s Vélkertafel, we may 
feel reasonably certain that it did not concern itself with such 
nations as Gomer, Gog, Ashkenaz, Riphath and Togarmah, to 
mention only some groups with whom Hebrew history has nothing 
to do, but at the most with such groups as Tarshish, Cyprus and 
Tubal and Meshech, with whom at a certain period the Hebrews 
had at least commercial relations. Leaving this question aside as 
impossible of more definite determination, the remarkably inclusive 
though compact character of P’s list, drawn up from a point of view 
which betrays no special interest in Hebrew history, suggests a for- 
eign source for the list itself, or at all events points to foreign influ- 
ences at work in its composition. 

The Priestly Code, being an exilic production, of which at least 
the substantial elements were drawn up in Babylonia, it would be 
natural to seek in it influences due to the Babylonian environment. 
The earlier political relations of their own people with Egypt and 
Assyria would be sufficient, with the rise of the historical sense, to 
arouse in the minds of Hebrew writers an interest in nations lying 
outside of their own immediate circle, but this interest would be 
materially strengthened under such conditions as confronted the 
Hebrew exiles settled in the Euphrates Valley. With the national 
catastrophe putting an end for the time being to their own political 
history, the Hebrews were in a peculiarly favorable position for 
realizing what the world meant to a world-power such as Babylonia, 
which had undertaken to still further develop the legacy of con- 
quest and subjugation bequeathed to her by her rival Assyria, had 
become in the sixth century. They found themselves in a country 
which stood for the ideal of world conquest, and which had taken 
decisive steps for many centuries toward the realization of this 
ideal. The Assyrians and the Babylonians had come into direct 
contact with distant nations to the north, south, east and west, and, 
although their relationship to those nations had generally been 
hostile, they had, yet, by the encouragement of international com- 
merce brought about a closer affiliation between the peoples of the 
ancient world, than is ordinarily recognized. It would have been 
strange indeed if, under such surroundings, the Hebrews had not 
b:en led to modify and enlarge their views of the complicated 
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constitution of mankind. The inscriptions of the Assyrian 
kings abound in geographical details, and the interest of 
both Babylonians and Assyrians is still further attested by 
the numerous geographical lists? that have been found in 
Ashurbanapal’s Library and elsewhere. While it is true that these 
lists, as a rule, were prepared for practical purposes, in connection 
with the campaigns or as tribute lists or as exercises to serve in the 
training of scribes, yet a theoretical interest must also in the course 
of time have been awakened and some of the lists clearly betray 
such interest. What applies to Assyria is true also of Babylonia, 
with perhaps this difference: that in a land like the latter in which 
culture had reached a higher level than in the north, the theoreti- 
cal or, as we might also put it, the scientific interest must, if any- 
thing, have been much stronger. That the intellectual class among 
the Hebrew writers was acquainted with Babylonian literature 
admits scarcely of doubt,’ and whether the compilers of the Priestly 
Code actually had some cuneiform models before them to serve as 
the bases for such a list as is found in P, it is certainly permissible 
and indeed a most reasonable supposition to attribute to Babylo- 
nian-Assyrian influence the striking feature of P’s list that it deals 
so largely with groups of peoples that are of interest to Babylonian- 
Assyrian history and of scarcely any at all to Hebrew history. So 
of the sons of Japheth, Gomer, Madai, Tubal and Meshech occur 
more or less frequently in Assyrian inscriptions,‘ and to these we 
may add Ashkenaz,® and perhaps Togarmah.£ Nor can it be 
entirely accidental that so many of the groups included under Jap- 
heth should be encountered again in the exilic prophet Ezekiel 
living in Babylonia. He refers to Gomer, Gog, Javan, Tubal, 


1A glance at the Indices to such works as Schrader’s Kezlinschriften und 
Geschichtsforschung, Delitzsch’s Wo Lag das Paradies. and Winckler-Zim- 
mern’s A¢ilinschriften und das Alte Testament will suffice to show how large 
the geographical horizon represented by the cuneiform annals is. 

2 £.g., Rawlinson, li, 50-53. 

5See, ¢e.g¢., D. H. Miiller’s Zzechiel Studien, pp. 56-62, who gives some inter- 
esting illustrations that seem to point conclusively to Ezekiel’s acquaintance with 
3abylonian literature. See also Winckler’s paper, ** Der Gebrauch der Keil- 
schrift bei den Juden” (A/torientalische Forschungen, ili, 1, pp. 165-174). 

*See the Indexes in the works above referred to. 

5See above, p. 176,. note 2, and also Baer’s Libri Danielis, Ezrae et Nehe- 
miae (Leipzig, 1882), p. ix. 

®See Delitzsch’s Wo Lag das Paradies, p. 246, and Jeremias’ A. 7. im Lichte 
des Alten Orients, p. 152. 
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Meshech and Togarmah,' and in general this prophet is distin- 
guished by the very wide range of his geographical knowledge. We 
are, therefore, justified in concluding that Babylonian influence and 
contact with the intellectual atmosphere of Babylonia are responsible 
for the display of geographical interest and learning in P’s Vé/kertafel 
and in Ezekiel. On the other hand, for the knowledge of Ionia 
(Javan) it was not necessary to turn to Babylonia or Assyria, for as 
already suggested,* commercial relations between Palestine and the 
islands and districts lying to tie west up to distant Tarshish 
would account for the knowledge of the chief settlements in the 
Greek archipelago and regions beyond. This knowledge may well 
have existed among the Hebrews in pre-exilic days, and the view 
here maintained by no means implies that all the geographical 
learning displayed in P comes from contact with Babylonia, but 
merely that, apart from certain direct influences, the enlargement of 
the ethnological horizon of Hebrew writers and the impulse to draw 
up such a Vi/kertafel as is found in P can best be accounted for 
by the new factor that entered into the intellectual life of the 
Hebrews through their settling in the Euphrates Valley. Be this 
as it may, the political contact of the Hebrews with those groups 
enumerated as sons of Javan did not begin until the period of Greek 
conquests in the Orient, and, unless we choose to bring the compi- 
lation of P's Vélkertafel down beyond the age of Alexander the 
Great, which on other grounds is improbable, we are forced to con- 
clude that all the nations enumerated under Japheth are to be placed 
in the category of peoples with whom the Hebrews up to the time 
of the composition of the Priestly Code had practically nothing to 
do. The division of Japheth into two branches, (a) Gomer and 
offshoots and (b) Javan and offshoots, merely represent from the 
point of view here maintained the distant nations dwelling to the 
northeast and north on the one hand, and the groups to the 
west and northwest on the other, more particularly the inhabitants 
of the Grecian islands, and those settled along the coast of Asia 
Minor. 


V. 


Coming to the Hamitic genealogy, the wavering of traditions 


‘See, ¢g., chapter 38 of Ezekiel, 
*See above, p. 177. 
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in the case of the sons of Cush makes it difficult to reach any 
definite conclusion as to the point of view which guided the com- 
piler of P’s Volkertafel. Besides the contradictions already pointed 
out in the case of Havilah and Sheba,' it isto be noted that Dedan, 
who in P appears in the genealogy of Cush, is, according to Genesis 
25, 3, included with Sheba in the genealogy of Abraham. That 
in the mind of P, the sons of Cush represent certain nations of south- 
ern and central Arabia, with perhaps an inclusion of some groups 
lying along the eastern coast, is about all that can be said with any 
degree of definiteness.* That Put in P’s list represents primarily 
the western coast of Africa, from upper Egypt and southwards to 
Somali (though also applied to the corresponding Arabian coast 
land), has now been definitely shown.* We would thus obtain a 
point of union for Cush and Put in the circumstance that they rep- 
resent remote people in the mind of P, lying to the extreme south. 
This might be extended to Mizraim, but certainly Canaan, which 
has always been the stumbling block in attempts at recognizing 
iny system in the grouping of Hamites, cannot be placed among 
the nations of the south without our having recourse to the most 


1 See above, p. 180. 

*See Jeremias, 4. 7: im Lichte d. Alten Orients, p. 155, and Glaser, Skizse der 
Geschichte und Geographie Arabiens, ii, pp. 387-404. It is unnecessary to pass 
over to the African coast for the identification of any of the seven groups, though 
it is certain that P as well as J, in accord with the general usage of the Old Testa- 
ment, regards Cush also as a designation of Nubia. The term seems to be some- 
what indefinitely used for the extreme south (or what appeared to be such to Hebrew 
writers) without a sharp differentiation between southern Arabia and the corre- 
sponding district on the African coast. On Cush as a designation of a part of 
Arabia in the Old Testament, and in the Cuneiform Inscriptions, see Winckler, 
Ketlinschriften und das alte Testament,p, 144-145, summarizing views expressed 
in his essay, “ Musri-Meluhha-Ma’in,” i and ii (A/tttheilungen d. Vorderasia- 
tischen Geselischa ft, Berlin, 1898, pp. 47 sg.), and the same author’s A /ttestament- 
liche Untersuchungen, p. 165. This double nomenclature of Cush may well 
be supposed to rest on traditions of an ultimate close relationship between the 
settlements in Africa and those of southern (and extending into central) Arabia ; 
and if there is any value to be attached to the precise form given to the tradi- 
tion in the Old Testament, the conclusion might be drawn that the “ Arabic ” 
settlements represent the offshoot, 7.¢., “ sons’’ of the African Cush—a view that 
on the whole seems more plausible than the contrary hypothesis. 

’See W. M. Miiller’s Asien und Europa, chap. vii. That it designated pri- 
marily Arabia is the view of Meyer, Gechichte des Altertums, i, p. 86, while 
Glaser, Shizz¢, etc., ii, pp. 405, 406, proposes southern Arabia and the east coast 
of Africa. 
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risky and hazardous conjectures.’ It is to be noted that Canaan 
occupies the fourth and last place among the sons of Ham, which 
of itself raises the suspicion that its addition is due to an after 
thought, and that, moreover, P does not follow up the genealogy 
of either Mizraim or Canaan, so that the later redactor was 
obliged to supply the omission from J. I venture to suggest, there- 
fore, that we have in the addition of Canaan the first betrayal of 
the compiler’s subjective point of view. Under the influence of the 
same hostile spirit toward the Canaanites which manifests itself in 
the old poem embodied in J, but with the extension of this hostility 
to a larger group—to Ham, which was substituted for Canaan—the 
compiler of P's list places Canaan in the group now associated 
with the accursed nations, but which was originally intended 
merely to represent the remote nations of the south, as Japheth rep- 
resented remote nations of the west, north and northeast. That 
even a learned compiler living in Babylonia, and actuated primarily 
by a scholastic aim to draw up an elaborate scheme of a series of 
nations and peoples in illustration of his theory that all mankind 
can be traced back to a single ancestor, should be subject to the 
deeply imbedded hostility existing from the days of the Hebrew 
invasion of Palestine between Hebrews and Canaanites is surely not 
surprising. Such a limitation of the mental horizon is precisely of 
the kind that we would have aright to expect. Removing Canaan 
from the group, we would have the Hamites consistently represent- 
ing the remote nations of the south, as the Japhethites represent the 
remote nations of the west, north and northeast. 


VI. 


Leaving aside for the moment the problem involved in the 
change of sentiment which converted the Hamites into a group 
synonymous with the ‘‘ accursed ’’ nations and turning to the gen- 
ealogy of Shem, it is noticeable that the beginning is made with 
Elam, lying immediately to the east of Babylonia, and that the group 
is closed with Aram, which appears to be a general designation for 
the district lying to the west and northwest of Babylonia and 
Assyria. We now know that the political relations between Elam 


‘As, ¢.g., the view maintained by Dillmann (Genesis, p. 179) that the inclu- 
sion of Canaan among the sons of Ham rests upon the knowledge that the 
Canaanites came from a southern district. 
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and Babylonia date back to a very early period,’ and that in fact the 
history of the one district is so closely entwined with the fortunes of 
the other that it would be quite as natural to group Elam and 
3abylonia together as to place Babylonia and Assyria side by side. 
Linguistic and ethnic differences between Elamites and Babylonians 
would not obtrude themselves to the mind of an ancient writer in 
the face of such close political associations as bound Elam and 
Babylonia together. 

Again, a grouping which begins with Elam as the eastern out- 
lying province of Babylonia and ending with Aram as the western 
limit would be intelligible from the standpoint of one living within 
the district of Babylonia, and this view is confirmed by the intro- 
duction of Asshur immediately after Elam. Moreover under Aram, 
subdivisions are recorded—Uz, Hul, Gether, Mash*—that play 
no part whatsoever in Hebrew history, and could have been of 
interest only to Babylonians and Assyrians as representing districts 
lying beyond the Euphrates, and with which their armies would 
come into contact in the course of expeditions to the west or by 
which they might at one time or the other have been menaced. 
At all events, Aram designates a miscellaneous group of peoples 
whose settlements form the western boundary of Babylonia and 
Assyria proper, ard so far we would have as the point of union 
in the enumeration of the sons of Shem, the settlements in the 
immediate environment of Babylonia and Assyria—to the east and 
west respectively. This view is not contradicted by the mention 
of Arpachshad immediately after Asshur, for however we wish to 
account for this name, the last element &-sh-d is certainly in some 
way connected with Xashdim—the designation of the Chaldeans. 
Of the various explanations offered,* the most plausible is to divide 
the word into two elements, a-r- which may be identified with 
Arrapachitis (= Arbakha) and &-sh-d which is Chaldza, so 
that we would have two distinct districts that have by an error been 


! See De Morgan, “ L’Histoire de Elam ” (Revue Archeol., 3em. Serie, Vol. 
49, pp. 149-171). 

2 For proposed identifications of Uz, Hul and Mash see Gunkel (Genesis, p. 
142), Holzinger ( Genesis, p. 105) and Glaser (Skizse, e¢c., pp. 411-422). The 
situation of Gether is entirely unknown. 

3See Holzinger, Genesis, p. 105, and Gunkel, /.c., p. 143, who accept 
Cheyne’s view of the division of the word (Zeits. f. Alttest. Wiss., 1897, p. 
190), into Arpach and Keshed. 
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merged into one. However this may be, so much is certain that 
Arpachshad is still to be sought within or near the district repre- 
sented by Babylonia and Assyria. More puzzling than Arpachshad 
is the fourth subdivision Lud, and no entirely satisfactory explanation 
of its occurrence here has as yet been offered. Certainly Lud in P’s 
list can have nothing but the name in common with the Lud that 
occurs in Isaiah 66, 19, and in Ezekiel 27, 10 and 30, 5—which is 
clearly Lydia in Asia Minor—and unless we assume (as I am in- 
clined to do) that the introduction of Lud in Genesis 10, 22 is due 


to an error— 
Arpachshad w*-Lud 


being here (verse 22) superinduced by 


Arpachshad ya-lad 


in verse 24'— we must provisionally accept the possibility of there 
having been a district Lud between the Babylonian-Assyrian dis- 
trict and what P understood by Aram. For the present, there are 
no substantial reasons for questioning on this account the thesis 
here maintained that in P the Shemites represent Babylonia and 
Assyria and the groups adjacent, in contrast to the Japhethites and 


Hamites who represent the remote nations in the various directions 
of the compass. We may, therefore, conclude that P’s list, taken 
as a whole and leaving aside more or less obscure details which do 
not, however, upset the general conclusion, betrays the learned 
compiler whose geographical horizon has been enlarged by becom- 
ing subject to his Babylonian environment. In addition to gather- 
ing some of his geographical knowledge from Babylonian docu- 
ments or through intercourse with the learned scribes of Babylonia, 
his general point of view in his grouping of nations has regard for 
interests affecting Babylonia and Assyria, as in the case of the 
northern and northeastern branches of the Japhethites, or is deter- 
mined, as in his grouping of Shemites, by his residence in Babylonia. 

The purely scholastic character of the list is interfered with only 
by the addition of Canaan to the Hamitic group, the introduction 


1 Wiedemann supposes (Geschichte Aegyptens, p. 24), that Lud is the 
original form of Rut which with a «* denomiuative ” ending—z.e., Ruten—occurs 
in Egyptian inscriptions as the designation of Syria and Palestine. See however 
the objections to this conjecture in Schrader’s Cuneiform Inscriptions and the 
Old Testament,i, p.99. Nor is Jensen’s proposition to read Lubdi (adopted by 
Jeremias, 4. 7. im Lichte des alten Orients, p. 170), at all satisfactory. 
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of which is due to the hostility existing between Hebrews and 
Canaanites.' Taking up now this departure on the part of the 
compiler of P from the scholastic principles that guided him in 
drawing up the list, it is clear that he could only have been led to 
destroy the harmony of his scheme by placing Canaan under Ham 
instead of, according to their proper position, next to Aram, if the 
view had become general that the Hamites represent the ‘‘ accursed ”’ 
nations. 


VIL. 


To justify this assumption, which involves a radical change from 
the original conception of the Hamites as the rations of the remote 
south, it is necessary to find other evidence for it. Such evidence 
is forthcoming not merely in the narrative which substitutes Ham 
for Canaan, but also in J’s grouping so far as his Vélkertafel has 
been preserved. 

We have seen that J enlarges the curse originally pronounced 
upon Canaan into a general denunciation of a larger group whom 
he calls Hamites. At the same time, he does not venture to alter 
the ancient tradition entirely but makes a compromise by including 
Canaan under Ham. Whatever the source may have been whence 
J derived the name of Ham, for him this youngest on of Noah has 
clearly come to be synonymous with those nations which are par- 
ticularly obnoxious to him. Let us see whom J places in this group. 
We have in the first place Nimrod whom he connects with Cush as 
against P who does not mention Nimrod, but who places seven other 
nations, representing groups settled in Arabia, among the sons of 
Cush.’ Nimrod, however, as verses 10 and 11 clearly show, is in 
J’s list the representative of Babylonia and Assyria—nay the founder 
of these empires, in marked contradistinction therefore to P who, as 


‘It is only proper to note that the view which assumes Canaan’s place among 
the Hamites to be due to feelings of natural hostility was maintained by older 
g. Sprenger (Geographie Aradbiens, p. 294 seg.) who lays strong 
emphasis on the point, but since the days of Dillmann has been generally aban- 
doned. The attempts, however, that have been made to account for the place 
assigned to Canaan are singularly inadequate. Recent writers either ignore the 
point entirely or content themselves, like Holzinger (Genesis, p. 96), with the 
suggestion that the inclusion of Canaan among Hamites is merely characteristic 
of the prevailing ignorance among the Hebrews in matters pertaining to 
ethnology. 

2 See above, p. 187. 


writers as, ¢ 
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we have seen, places these nations among the sons of Shem. If 
Nimrod is a Hamite, it follows that Babylonians and Assyrians are 
Hamites and the attitude towards Nimrod implied in thus placing 
him among the Hamites is clearly indicated by the gloss (verse 9) 


‘the was a mighty hunter before Jahweh”’ 


where the words ‘‘ before Jahweh’’ indicate as is now generally 
recognized by commentators’ ‘‘ in defiance of Jahweh,’’ implying 
an opposition of some kind to Jahweh or if that is going too far, as, 
at allevents, carrying on a pursuit which was not pleasing in the eyes 
of Jahweh. Whatever the original force of the phrase ‘‘ mighty 
hunter ’’—concealing perhaps some reference to an ancient myth— 
may have been, to the one who introduced the gloss in J’s list of 
nations Nimrod was a conqueror, a ‘‘ hunter’’ of spoil, as it were, 
fired by the ambition to extend his dominion. As a conqueror he, 
therefore, appears in the following verses where the enlargement of 
his kingdom is referred to and the extent of Babylonia and Assyria 
is indicated by the mention of the chief cities of both districts. To 
J, therefore, the chief if not the only interest attaching to Cush lies 
in his being the ancestor through Nimrod of Babylonia and As- 
syria and whatever other nations—if any—were included by him 
under Cush. His motive for making Babylonia and Assyria descend- 
ants of Cush was not geographical position, nor is it at all likely 
that he had in mind a district by the name of Cush to the east of 
Babylonia whence in his opinion Babylonians and Assyrians came? 
—though it may be admitted that the notice rests ultimately on a 
confusion between two Cushs*—but he was actuated solely by 
the desire to place Babylonians and Assyrians among the Hamites 


1 See, ¢.g., Budde, Urgeschichte, p. 393; Holzinger, Genesis, p.g9. Renan, 
too, explained the phrase as indicating opposition to Jahweh. Compare also the 
phrase ‘‘a great city to God ” (Jonah, 3 3), equivalent to a “ godless city.” 

2Soe¢g., Winckler, Alttestamentliche Untersuchungen, p. 149. Cf. Gunkel, 
Genesis, pp. 81-82. 

‘ For our purposes it is immaterial whether Cush in the mind of the writer 
who added the section about Nimrod meant the African or the Arabic Cush; and 
even though some faint tradition of a third «* Babylonian ”’ Cush (7.¢., the Cassites) 
underlies the tale, it is certain that the writer has the same Cush in mind as in 
P (verse 7). Delitzsch’s view (Wo Lag das Paradies, p. 52 seg., and pp. 127- 
129) of a close historical connection between the “ Babylonian” and “ African ” 
Cush is untenable, though he correctly places the seven subdivisions of Cush 
in Arabia and not in Africa. See above, p. 187. 
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under his general view that the latter represent the accursed nations. 
If we turn to Hebrew history, we will find in the relations exist- 
ing between the Hebrews and the Babylonians and Assyrians the 
all-sufficient motive for this hostility. Babylonia which exercised 
a control over Syria and Palestine at a very early date as the Tel 
El Amarna tablets show,’ until she was obliged to yield to Egypt 
and to concentrate her efforts on the endeavor to check the growing 
power of Assyria, must have been regarded as a natural menace to 
the Canaanitish settlers in Palestine even before the Hebrews entered 
the land. The latter therefore inherited from their predecessors a 
feeling of hostility towards Babylonia and not differentiating Baby- 
lonia sharply from Assyria, the bitter feeling towards both would 
be accentuated by the subsequent course of events.” From the 
ninth century on, the two Hebrew kingdoms were exposed to fre- 
quent attacks from the military expeditions undertaken by the 
Assyrian conquerors. The fall of the northern kingdom in 722 
B.C. and the practical subjection of the southern by Sennacherib 
and his successors further strengthened this hostility, which found 
a forcible expression in the utterances of the pre-exilic prophets 
and is reflected in the grouping of Babylonia and Assyria with the 
‘* accursed ’’ nations in J. It is not necessary for our purposes to 
assume that the form given to the feelings of resentment against 
Babylonia and Assyria actually presupposes the destruction of the 
southern kingdom, for long before this catastrophe the feelings 
must have been sufficiently strong to prompt a writer to regard 
Babylonians and Assyrians as ‘‘ accursed ’’’ in the eyes of Jahweh, 
so that the little section inserted in J verses 8-12 may be, like J’s 
list, of pre-exilic date; but we may well suppose the post-exilic 
redactor who combined J with P to have been still further incensed 
at the recollection of the havoc wrought by Assyria and Babylonia, 
the one in bringing about the downfall of the northern kingdom 
and the other the extinction of political life in the south, to prompt 
him to preserve from J—in its final form—the notice which groups 


1See Winckler, Xeilinschriften und das alte Testament, pp. 23-25 and 192 
$eq. 

2See for the general relationship between Babylonia and Assyria, and the two 
Hebrew kingdoms, Winckler, Xvi/inschriften und das alte Testament, pp. 258- 
280 ; also for the cuneiform texts bearing on the subject Schrader’s Cuneiform 
Inscriptions and the O, T., i, 176-ii, 59, and Winckler, Aecdinschriftliches 
Textbuch 2um alten Testament (2d ed., Leipzig, 1903), pp. 14-55. 

PROC. AMER. PHILOS. SOC. XLIII. 176. M. PRINTED JULY 13, 1904. 
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these two peoples among those whom Jahweh himself has cursed— 
much in the same spirit that leads to the retention (Genesis 19, 30- 
38) of the scandalous story of the origin of Moab and Ammon— 
two other bitter enemies of Israel—from an incestuous union of 
Lot with his daughters, as a bit of tribal satire, calculated to expose 
these peoples to the humiliation and contempt of their rivals." 
After Nimrod, we find Egypt introduced in J. Among the 
Hamites we have seen that the grouping of Egypt with Cush 
and Put in P fits in with the latter’s general view that the 
Hamites represent the nations of the remote south, but J for whom 
Cush is neither southern Arabia nor Nubia does not appear to have 
had such a scheme in mind, and it is in keeping with the spirit of 
the narrative at the close of the gth chapter that J’s motive in add- 
ing Egypt to abylonia and Assyria among the Hamites was again 
the desire to illustrate the truth and the justification of the view 
that the sons of Ham are the ‘‘accursed’’ nations. It is only 
necessary to mention the name of Egypt in order to conjure up the 
picture of the hostility towards it that crops out in every section of 
the Old Testament. The recollection of Egyptian oppression is so 
strong in the Old Testament as to become almost a part of the 
Hebrew religion. An old nomadic sheep-offering festival com- 
bined with an agricultural spring festival, the latter adopted by 
the Hebrews from the Canaanites, becomes associated in the Pen- 
teteuchal codes* with the deliverance from the hated yoke of 
Egypt. The Decalogue begins in both versions that we possess 
with the description of Jahweh as the god who brought his people 
out of Egypt (Ex. 20, 2; Deut. 5, 6), and according to the 
Deuteronomistic version or recension of the Decalogue, the most 
characteristic institution of Judaism—the Sabbath as a day of rest 


'So according to the best of the modern commentators (see Holzinger, Genesis, 
p. 158). Somewhat different is Gunkel’s view (Genesis, pp. 197-198), who 
believes that the story was originally told as an illustration of the favor and grace 
of the Deity in saving Lot as the ancestor of Moab and Ammon from the general 
destruction and in providing for this unusual method of securing offspring. 
Granting this, it is still evident that in the mind of the Hebrew writers, the 
story assumes a lowering ani contemptuous aspect—to be compared with the 
bitter taunts and satires to be found in ancient Arabic poems when they deal 
with tribal hostilities. See ¢.g., Goldziher, Muhammedanische Studien (Halle, 
1888), I, pp. 43-50. 

*See Baentsch, Com, to Exodus, pp. 88-91; Robertson Smith, Religion of 
the Semites, pp. 445 seg. 
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from all labor—is instituted to serve as a reminder to, the people 
of the conditions under which they lived in Egypt (Deut. 5, 15). 
If we turn to the Prophets, we find Egypt invariably associated 
with cruelty, deceit and oppression.’ Pharaoh becomes a type of 
the persecutor and of the oppressor. Egypt is therefore placed like 
Babylonia and Assyria in the same category as Canaan—with the 
‘‘accursed’’’ races. It so happens, as already pointed out, that the 
position of Egypt accords with the geographical scheme that P adopts 
for the Hamitic nations; and while, in view of this, we are not 
justified in attributing to this compiler a motive of national hatred 
in placing Egypt with Cush, J, who does not appear to have had 
such a geographical system and for whom Ham is merely the larger 
term for Canaan which permits him to place under one category a 
whole series of nations who were hostile to his people, and who in 
his opinion are responsible for the dark pages in pre-exilic 
Hebrew history, is evidently actuated by such motives of national 
hatred in associating Egypt with Canaan ; and as already intimated, 
the compiler who combined J with P, likewise, no longer occupies 
the objective and more purely scholastic standpoint of P, and takes 
over therefore from J the extended notices about Egypt and Canaan 
in order to point out in detail all those who belong to the ‘ ac- 
cursed ’’ sons of Ham. 


VIII. 


This spirit of hostility crops out again in the inclusion of the 
Capthorites (verse 14) where the addition of the gloss ‘*‘ whence 


%? 


came the Philistines ’’ reveals the animus of the compiler. Cap- 
thor, as Prof. W. Max Miiller*® has shown, is a term of indefinite 
character but which certainly included Cilicia and adjacent parts 
of the Asia Minor coast, and even a writer of so limited a range of 
ethnological and geographical knowledge as J, granting that he no 
longer knew the exact distinction of Capthor,*’ could hardly have 
supposed the Capthorites to belong in the same category with the 


1 It is sufficient to refer to such passages as Isaiah 11, 15, and chap. 19; Eze- 
kiel, chap. 30; Jeremiah, chap. 46; Amos 8, 9. 

2Asien und Europa, p. 347, supplemented by the same writer’s Studien 
sur vorderasiatischen Geshichte, ii (Mitteilungen der vorderasiatischen Gesell- 
schaft, 1900), pp. 6-11. 

’That in accord with prevailing views or traditions he identified Capthor with 
Crete is, on the whole, more than likely. 
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subdivisions of Egypt, whose mention precedes that of Capthor.’ 
Moreover, the position of the Capthorites at the close of verse 14 
suggests (as we have seen to be the case in other instances of nations 
placed at the end of a series of groups), a later addition to what 
precedes, and the gloss indicating the origin of the Philistines 
in accord with the tradition recorded in Amos’ and Jeremiah,’ 
and which is also found in Deuteronomy,‘ unmistakably reveals the 
purpose of the addition. Next tothe Canaanites, whom the Hebrews 
had to drive out before they could acquire a foothold in Palestine, 
the Philistines constituted the most serious obstacle to the growth of 
an independent Hebrew state. Prior to the days of Saul, we have 
three distinct periods of Philistine aggressiveness with disastrous 
results to the Hebrews (Judges chapter 10; Judges chapter 13; 
1 Samuel chap. 4). Hostilities continued with changing fortunes 
through the days of Saul and David. Solomon appears to have held 
them in check, but after his death they regained their independence 
and continued to be a source of annoyance to Israel if no longer a 
serious menace. The Capthorites, accordingly, as identical in the 
mind of the one who added the gloss with the Philistines are ranked 
like Canaan, Babylonia, Assyria and Egypt with the ‘‘ accursed ”’ 
nations, who were assigned this character because of the bitter feel- 
ings of hostility of the Hebrews towards them. ‘The ‘“‘ accursed ”’ 
nations thus turn out to be the enemies of the people of Jahweh, 
whose opposition is looked upon as a defiance of Jahweh himself. 
Outside of the addition of Capthorim in verse 14, the subdivis- 
ions of Egypt, enumerated in the verse in question, obscure as 
some of the names are, are introduced as an exhibition of learning 
from purely scholastic motives, which J is also willing to display 
where they do not interfere with his nationalistic likes and dislikes. 
On the other hand, it is in all probabilities a personal interest that 
is displayed in the enumeration of the clans constituting the sub- 
divisions of the Canaanites. This enumeration is not set forth in 
the form of a genealogical chain and the proof that the list itself 


!Verses 13-14%. Of the six subdivisions of Egypt, only two, Lehabim — 
Lybians, and Pathrusim — Upper Egypt, are certain, but that the other four, all 
probably more or less corrupt forms, represent sections or nomes of Egypt is gen- 
erally admitted. For further attempts at identifications see Holzinger, Genesis, 
pp. 101-102. 

2? Amos 9, 7. 3 Jeremiah 47, 4. 

*Deut. 2, 23. 
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represents a later gloss, incorporated however with J and not belong- 
ing to P, is furnished by the gentilic form (Jebusite, Amorite, etc.) 
given to the nine Canaantish subdivisions... The subdivisions 
themselves further emphasize and illustrate the point of view from 
which the Canaanites are regarded in J. Of the nine subdivisions, 
four (Jebusite, Amorite, Girgasite, Hivite) belong to the seven 
nations of Palestine, with whom marriage is forbidden in the Pen- 
tateuchal codes,? and with whom no alliance of any kind is to be 
made; and since it is likely that the Hamathites, referred to in 
Gen. 10, 18, stand for the Hittites of Deuteronomy 7, 2, we would 
have five of the ordinary seven subdivisions of Canaanites enume- 
rated in this addition to J. The author of this addition, well 
acquainted with the various Canaanitish settlements in Palestine, 
introduces these five because of his special interest in that part of 
Palestine with which Hebrew history is especially concerned, and 
which was promised to them by Jahweh as their future possession 
(cf. Gen. 15, 18-20). In adding the Arkites, Sinites, Arvadites and 
Zemarites, which play a less conspicuous part in Hebrew history, 
he reveals his learning and scholastic interest, whereas on the other 
hand verse 15, which reads 


** And Canaan begat Sidon his first born and Heth,”’ 


reveals the original force attached to Canaan as embracing the 
Phoenicians as well as those settled in the interior. The style of 
this verse shows that it belongs to the original J document, though 
there are reasons for believing that the verse has not been preserved 
in its original form. If Sidon is mentioned as “ the first born’’ 
we would expect other sons to have been included inthe genealogy ; 
and, again, the words ‘‘ and Heth ’’ impress one as a iater addition 
of the same nature as the additions at the end of verse 14° and 
elsewhere. The suspicion is, therefore, raised that ‘‘ Heth ’’ has 
been attached to Canaan from the same motive of nationalistic senti- 


1Jebusite, Amorite, Girgasite, Hivite, Arkite, Sinite, Arvadite, Zemarite, 
Hamathite. The traditions in regard to the forms of these names seem to be 
pretty definitely established, except in the case of Sinite, for which the Greek 
version has Hasennite and the Aramaic (Zargum Onkelos, ed. Berliner, Berlin, 
1884) Antusite. 

*See ¢.g., Ex. 34, 11-16; Deut. 7, 1-3. Cf. also Gen. 28, 1-S—a narrative 
that well reflects the bitterness of the feeling toward the Canaanites. 

3 See above, pp. 179, 188, 196. 
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ment which relegates all enemies of Israel who hindered the advance 
of the latter among the ‘accursed ’’ nations. It is needless for 
our purposes to enter upon the vexed question whether the B*ne 
Heth, settled in southern Palestine, are to be identified with the 
Hittites in the northeast, where Hamath formed one of the centres 
of their settlements.’ The Hebrew writers, as is quite evident, 
considered them identical, and although those in the south enter 
into friendly relations with the early Hebrew invaders, as illustra- 
ted by the traditions regarding Abraham’s dealings with the B*ne 
Heth,’ those in the north are included among the enemies with 


whom no alliances of any kind are tobe made. The term “ Heth”’ 


may indeed have been introduced by the one who added it to Sidon 
to include the entire interior of Palestine, which a later glossator 
not satisfied with so vague an expression amplified by the specifi- 
cation of the nine subdivisions in verse 16-18." However this 
may be, the addition of Heth and the further specification of nine 
subdivisions, whether originally intended as specifications of 
Hittites or of Canaanites, are prompted and retained by the desire 
to make it perfectly clear that the groups with which the Hebrews 
were to make no entangling alliances of any kind, whether social 
or political, belong to the “‘ accursed ’’ Hamites. 

This same motive is further illustrated in the indication of the 
boundaries of the Canaantish settlements. Taking in the Phoeni- 
cian coast to Gerar, or according to the variant to Gaza,‘ he car- 
ries the eastern boundary to Sodom and Gomorrah. I venture to 
suggest that this specification is not prompted by purely scholastic 
interests, but from a desire to leave no doubt, on the one hand, as 
to the inclusion of the hated Philistines, represented by Gerar and 
Gaza, among the Hamites, and, on the other, to point out by the 


! That the term “ Hittites’ was used to embrace large groups of peoples that 
entered Syria and Palestine from the mountain districts of the north and north- 
west is now generally recognized. The vagueness of the nomenclature complicates 
the historical and ethnological problems, but it may be said that what evidence 
is available does not militate against regarding the northern and southern Hit- 
tites of Palestine and Syria as belonging to the same general group. 

? Genesis, chap. 23. 

'See above, p. 197. 

*Verse 19. It matters little whether we take Gerar or Gaza as the gloss, 
though the former, about six miles farther south of Gaza, being less well known, 
probably represents the original reading, to which a glossator added as a memo- 
randum * Gaza,” as a better known boundary of Philistine settlements. 
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introduction of Sodom and Gomorrah that the inhabitants of this 
district as well as two other peoples particularly obnoxious to the 
Hebrews, namely, Moab and Ammon, whose origin, according to 
the libellous tradition recorded in Genesis 19, 30-38, is dis- 
tinctly connected with Sodom and Gomorrah, also belong to the 
‘faccursed’’ nations. This tale follows immediately upon the story 
of the destruction of Sodom and Gomorrah, evidently with the 
intention of associating Moabites and Ammonites,—whose hostile 
relations to the Hebrews are illustrated in many a page of the Old 
Testament,—with wickedness and shameful immorality. However 
this may be, Sodom and Gomorrah are for J, as for the Hebrew 
prophets, the type of all that is *‘ accursed,’’* and for this reason 
those who dwelt in this region are singled out as belonging with 
peculiar appropriateness to the sons of Ham. 

Naturally, there are innumerable details in the early history of the 
Hebrews, as also in the later periods, which escape us so that it is 
no longer possible to determine the full extent to which this motive 
of national dislike influenced the school of writers, the result of 
whose work is to be seen in J’s list as modified by later additions, 
insertions and glosses, but enough has been shown to justify the 
proposition that in contradistinction to P, who betrays not only a 
much broader geographical and ethnographic knowledge but also 
greater objectivity, J and the school that he represents are largely, 
if not completely, under the spell of the character given to Ham 
at the close of the 9th chapter of Genesis. For J, Ham is not 
an ethnic unit nor a designation for a group of peoples settled in a 
certain section of the known world, but a kind of ethnological 
purgatory to which all those nations are assigned,—Babylonians, 
Assyrians, Egyptians, Canaanites, Philistines, Sodomites, Gomor- 
rites,—who have merited this fate in the mind of the writer by their 
hostility to Jahweh’s people, and as the cause of the misfortunes, 
hardships, struggles and catastrophes in the career of the Hebrews. 
On a supposition of this kind we can account for the jumble of such 
heterogeneous groups as Canaanites in Palestine, Egyptians in the 
South, Babylonians and Assyrians in the East, and Philistines in 
the West into one category, unless, indeed, we are prepared to 
commit exegetical suicide by assuming that no principle whatso- 


'Cf., ¢.g., Isaiah 1,10; 3,9; 13, 19. Jer. 23,14. Amos, 4, I1, and Zeph, 
2, 9, where Moab and Ammon are compared to Sodom and Gomorrah. 
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ever presided over the grouping. The view here advanced of the 
different conceptions regarding Ham by the J-group of writers from 
that which is found in P also accounts in a rational and, I believe, 
in a satisfactory way forthe manifest contradictions between J and P 
as, ¢.g., the grouping of Asshur with Cush by the former and with 
Shem by the latter. 


IX. 


In conclusion, a few words about the genealogy of Shem in 
J and P, which will further illustrate the thesis here main- 
tained. If Ham in the mind of the nationalistic J is the type of 
the ‘‘accursed’’ son, Shem appears with equal distinctness as 
the favored one. This view is clearly brought out in the blessing 
over Shem (Gen. 9, 25-27). The double mention of Shem already 
shows this, and whether we read with Gratz and Gunkel,' 


‘¢ Bless, O Jahweh, the tents of Shem,’’ 


or with Budde and Holzinger, 
‘** Blessed of Jahweh is Shem,’’ 


there can be no doubt of the preference shown for Shem by the J 
group of writers to whom this blessing belongs. The source and 
original force associated with Shem’ is as obscure as that of Ham. 
Back of both names no doubt lies a mass of traditions and possibly 
also myths which have been lost, but when once in some way the 
favorable conception in regard to Shem had become current it would 
be natural for J to make the endeavor to trace the origin of his 
own people to this favorite son. Such is the purpose of the rather 


1 See above, p. 181 seg. 

*Shem signifying “fame,” “ distinction,’ has been compared with Aryan 
« ruler,” “ noble,” as a designation of the favorite group (see Holzinger, Genesis, 
p- 92), but all such explanations are open to the objection that they assume the 
introduction of the name to be due to the Hebrew writers, whereas it is evident 
that both Shem and Ham (which on the same supposition has been explained 
as ** hot,” z.¢., ‘the southerners ’ of Holzinger, /. ¢.) are terms adopted by Hebrew 
writers and belong presumably to a much earlier age than their use in the V3/- 
kertafel, There is much to be said in favor of the view which regards both 
names as designations of old deities, though this view, likewise, is open to objec- 
tions which cannot easily be set aside. See Hommel, A//israelitische Uceberlie- 


Serung, pp. 47 and 115. 
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awkwardly constructed 21st verse of the 1toth chapter." The curi- 
ous phrase defining Shem as ‘‘ the father of all the sons of Eber ’’ 
reveals the existence of an earlier tradition, which traced the 
Hebrews back to Eber. In view of this, one is tempted to conjec- 
ture that in an older form of the blessing at the end of the gth 
chapter, Eber took the place now occupied by Shem, so that the 
original personages concerned in the blessing and curse were Eber, 
Canaan and Japheth, subsequently enlarged to Shem, Ham and 
Japheth. However this may be, it is interesting and of some impor- 
tance to observe that when Eber was first associated with Shem, the 
former was made the son of the latter, whereas in the more scholastic 
ethnological scheme devised by P, the relationship of Eber to Shem 
was altered into that of greatgrandfather and greatgrandson.’ 
How far this view already prevailed in pre-exilic days among some 
groups of writers it is, of course, impossible to say. Of the four’ 
sons of Shem in P, Elam, Asshur, Arpachshad and Aram, it would 
appear that Elam is used as an inclusive term to embrace Babylo- 
nia. If this be correct we might have in this use of Elam an indi- 
cation of the date of P’s Vélkertafe/, inasmuch as such a usage would 
point to the absorption of Babylonia by a power advancing from 
Elam. This power would, of course, be none other than Persia, and 
the use of Elam here as including Babylonia would thus force us to 
the conclusion that P’s list belongs to the close of the exilic period, 
subsequent to Cyrus’ conquest of Babylonia in 539 B.C. The 
theory, it must be admitted, encounters an obstacle in Arpachshad, 
if, as seems plausible, the latter embodies a reference to Chaldza, 
since it would involve the further supposition of a differentiation 
on the part of Hebrew writers between Chaldzea and Babylonia. 
One can understand and indeed recognize the necessity of such a 
differentiation from the standpoint of one who, while placing Baby- 


1Tt reads literally “and to Shem, there was born even he the father of all 
the sons of Eber, the brother of Japheth the elder.” Then follows “the sons of 
Shem are Elam, Asshur, etc.” Comparing the beginning of verse 21 with the 
beginning of verse 25, ‘and to Eber were born two sons, etc.,” we should expect 
the enumeration of the sons of Shem immediately after the words “ and to Shem 
there was born.” 

*Shem, Arpachshad, Shelah, Eber (verse 24). 

3’QOmitting Lud, which is a hopeless stumbling block (cf. Holzinger, Genesis, 
p. 105), and which as has above been suggested (p, 190) may have slipped in 
here through confusion with ya/ad in verse 24. 
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lonia and Assyria with the genealogy of Ham through Nimrod, the 
grandson of Ham, yet shares the common ttadition which traces 
Eber the ancestor of the Hebrews (or Terah the descendant of 
Eber) to Ur-Kasdim, #.¢., to Chaldza. Hence J, despite his hos- 
tility to Assyria and Babylonia, admits Arpachshad, which cer- 
tainly stands in some relationship to Ur-Kasdim, among the She- 
mites. Since P, however, places Asshur or Assyria with the sons of 
Shem, he does not share J’s view of Assyria or Babylonia, and 
there would be no reason why he should either omit Babylonia or 
specifically differentiate Chaldza from Babylonia, unless it be, indeed, 
that he includes Arpachshad in obedience to the tradition which 
associated the latter with the home of his people. On the whole, 
this appears to be the more plausible view, for while P, as we have 
seen, manifests his purely scholastic interests to an astonishing 
degree, he yet is not entirely free from the natural spirit of national 
likes and dislikes, and at all events would be inclined to embody 
in his list current traditions regarding the origin of his people, even 
where such an embodiment might be superfluous or render his 
scheme somewhat ambiguous. Assuming then that Elam includes 
Babylonia, and that Arpachshad is Chaldzea, the Shemites, accord- 
ing to P, would represent the groups living in the district to which 
the Hebrews traced their origin, Elam, Babylonia, Assyria and Chal- 
dzea, and the groups immediately to the west and northwest, classed 
by P under the general designation of Aram. We have no means of 
determining whether J’s list also included Aram among the sons of 
Shem, but there is also no positive evidence against it. If it did, 
the genealogy of Aram was probably identical with the one pre- 
served in P, orat all events did not contain sufficiently important 
derivations to warrant the compiler who combined J with P in 
extracting anything from J’s list. So much seems certain, that J’s 
chief interest lay in Arpachshad, because of the supposed connec- 
tion between this district and Ur-Kasdim or Chaldza as the home 
of the Hebrews, and J’s interest here was sufficiently pronounced 
to induce him to carry down the line of Arpachshad in its two 
branches, Eber-Peleg and Eber-Joktan, the former representing a 
northern group, the latter a southern, much as the Arabs carry the 
genealogies of their clans to a northern and southern ancestor.’ 


1See Wiistenfeld’s Genealogische Tabellen der Arabischen Stimme und 
Familien (Gottingen, 1852). 
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Of J’s double list, only the Eber-Joktan, the southern branch, has 
been preserved in the roth chapter,’ the northern branch being 
omitted by the compiler of J and P, because of its preservation in 
the P document in the r1th chapter, verses 16-26. ‘The groups 
thus included in J’s genealogy of Shemites would be limited to those 
descended from Arpachshad and Aram, or since Arpachshad rep- 
resents on the one hand the Hebrews as the descendants of the north- 
ern branch of Eber-Peleg, and the Arabs on the other hand as the 
descendants of the southern branch of Eber-Joktan, the Shemites 
would be limited to groups in the immediate environment of the 
Hebrews. The point of view is apparently that of the Hebrew 
settlements to the east of the Jordan, Eber-Joktan representing the 
southern groups and Aram the northern and northwestern, with 
Eber-Peleg occupying the central position. Here too, therefore, 
we find J presenting a contrast to P, who, standing for an enlarged 
geographical and ethnological view, begins his enumeration with 
Elam to the East and passes on in a westerly and then northwesterly 
direction, which leads him to include Chaldza, Babylonia and 
Assyria and to end with Aram. The point of view here suggests 
Babylonia or Chaldza as the home of P, or at all events as the central 
seat of the Shemites, with Elam constituting the eastern and Aram 
the western limit and environment. Consistent, moreover, with 
his view of the Hamites as the designation of groups settled in the 
remote south, he excludes those peoples included by J in the Eber- 
Joktan branch of Arpachshad from the Shemites, and as the Eber- 
Peleg list of P in the r1th chapter shows, P limits the Shemite 
branch of Arpachshad to the Eber-Peleg or northern division. 

The general scheme in P’s Vé/kertafe/ is thus quite clearly based 
on a geographical distribution into three zones, Japheth represent- 
ing the remote groups to the west, north and northeast, the Hamites 
representing the remote nations in the south, while the Shemites 
represent those in the immediate environment of the Hebrews from 
the point of view of a writer who, living in Babylonia, is influenced 
both by conditions prevailing in his days, by the tradition which 
traced the Hebrews to Chaldza, as well as by the fact of the later 
settlements of the Hebrews to the east of the Jordan and in Pales- 
tine proper. Taking all these factors together, to which we ough? 
perhaps to add the inclusion of Babylonia under Elam as due to 


1 Verses 26-29. 
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special circumstances, the Shemites are for P the groups that live 
in districts in which, at one time or the other, the Hebrews had 
settled, or which represent districts adjacent to those settlements. 
The Shemites are, therefore, the groups that are ‘‘ near’’ to the 
Hebrews as against the Japhethites and Hamites who are “ remote.’’ 
Again, while as we have seen P is actuated by large geographical 
views and displays considerable ethnological knowledge set forth in 
a scholastic spirit, it is natural that when he comes to the group to 
which his own people belongs he should show some traces also of a 
nationalistic spirit. His general point of view in regard to the She- 
mites as representing those nations which are adjacent to the Hebrews, 
or ‘*near’’ them, may be put down tothe credit of his nationalistic 


spirit, while the departure from his scheme in including Canaan 
among the Hamites instead of placing them with the ‘ near’’ 


nations or Shemites may represent a trace of the influence of the 
spirit of hostility towards Canaanites which controls J, though it 
is also possible that the addition of Canaan in verse 6 is due to the 
compiler who combined J with P, and who is actuated by the same 
spirit as is J. 

X. 

In sharp contrast, both as to geographical views and ethnographi- 
cal knowledge and general spirit, stands J and the group of writers to 
which he belongs or who follow in his path. Showing distinct 
traces of the older view which limits the geographical horizon to 
three groups, Shem (or perhaps Eber’), Canaan and Japheth, all 
dwelling within the confines of Hebrew settlements in Palestine, J, 
though representing an enlarged view in substituting Ham for 
Canaan (and Shem for Eber), and in extending Japheth to include 
remote nations with which Hebrew history has nothing to do, 
arranges his Vélkertafe/ entirely from the Hebrew point of view. 
Though apparently agreeing with P in his definition of Japhethites 
it is doubtful whether J’s list of sons and descendants of Japheth 
was as extensive as P’s, and at all events the Japhethites did not 
represent the geographically remote nations but rather those that 
were historically remote, toward which a writer interested primarily 


‘In view of the importance which Eber plays as the ancestor of the two 
groups, Eber-Peleg and Eber-Joktan, it would indeed appear as already suggested 
(p. 201) that a tradition was current which made him rather than Shem the an- 
cestor of the groups allied with the Hebrews. 
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and, indeed, exclusively in Hebrew history would be wholly 
indifferent. The Japhethites are, accordingly, no longer ‘‘ a group 
dwelling in the tents of Shem,’’ but quite outside of these tents. 
More marked is the contrast between J and P in regard to the 
Hamites. While here, too, it happens that from P’s point of view 
Egypt falls into the category of the Hamites, still the whole char- 
acter of Ham’s genealogy in P shows that this is done because of 
the agreement with P’s definition of Hamites as embracing the 
*‘remote’’ nations of the south. In the mind of J, however, the 
Hamites take the place of Canaan, the ‘‘ accursed ’’ son of Noah, 
and the enlargement of Canaan to Ham furnishes him with the 
opportunity of adding to Canaan a whole series of nations who, 
because of the mischief they wrought at one time or the other in 
Hebrew history, merit the fate of being cast into the purgatory of 
the ‘‘accursed’’ nations. From this point of view, J includes 
Egypt among the Hamites and adds to Canaan and Egypt, the Baby- 
lonians and Assyrians, as well as the Philistines, while subsequent 
writers, actuated by the same spirit as J, are at pains to specify the 
subdivisions of the Canaanites, and with a view of leaving no pos- 
’* as Sodom and 


sible loophole for such types of ‘‘ wickedness 
Gomorrah, even indicate the exact boundaries of the Canaanitish 
settlements. The mention of Sodom and Gomorrah, even if the 
view above set forth that the names are intended to include Moab 


and Ammon be not accepted, shows too clearly to admit of any 
doubt the picture in J’s mind of the character and nature of the 
Hamites. 

Coming to Shem, there is a closer approach to be observed be- 
tween the views of J and P and yet even here there are some strik- 
ing contrasts. Not only is P’s list of Shemites on the whole more 
inclusive, since he makes them extend from Elam in the East to 
Aram and Palestine in the West, though on the other hand he ex- 
cludes the southern Arabs who in J represent the southern branch 
of Eber-Joktan, but his historical standpoint is also larger than that 
of J, since he embodies in his list not only the tradition of the 
original home of the Hebrews but draws the proper conclusion from 
this tradition that the inclusion of Arpachshad or Chaldza among 
the sons of Shem carries with it Babylonia (including Elam) and 
Assyria. J in all probabilities included Aram by the side of 
Arpachshad among the sons of Shem, but his point of view is that 
of one who is exclusively interested in Hebrew history. The im- 
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portance of Shem lies for him in the fact that Shem is ‘‘ the father 
of all the children of Eber.’’ For him the ‘‘ remote ’’ nations of 
the south, with whom Hebrew history is as little concerned—barring 
the relationship between Judza and southern Arabia reflected in 
the legends of King Solomon’s dealings with the Queen of Sheba’ — 
as the ‘‘remote’’ nations of the north and east represented by 
the Japhethites, are not as in P the Hamites, but the groups which 
represent the subdivisions of southern Arabia. J, therefore, like P 
has two ‘‘ remote’’ groups, but the entire character of the former’s 
Vilkertafel is changed by his definition of the Hamites as those 
representing the enemies of Israel. 

To sum up, therefore, J’s list includes three general groups: (@) 
peoples towards whom J was indifferent because of little or of no 
moment to Hebrew history, (4) peoples towards whom he harbored 
bitter feelings of hostility, and (¢) his own people towards whom 
he was partial and whose descent he traced from the favorite son of 
Noah. The first group includes again (1) the Japhethites in the 
west, north and northeast and (2) the Eber-Joktan branch or 
southern Arabs. His nationalistic spirit manifests itself in those 
whom he places in the second group, while on the other hand the 
limits to this spirit are represented by his willingness to place the 
southern Arabs among the favored Shemites, being prompted to this 
display of generosity by the absence of any motive for excluding 
them and the self-evident consideration that the Shemites must 
include other subdivisions besides his favorites—the Hebrews. The 
scholastic spirit which J also possesses when it does not interfere 
with his natural dislikes, though not to the same degree as P, leads 
him likewise to recognize the close relationship between Hebrews 
and Aramzans, so that his Shemites as seems likely also included 
Aram. 


P, on the other hand, free from the nationalistic spirit, except pos- 
sibly when the Canaanites are involved, sets up two very well-defined 
groups : (a) the remote nations of the west, north and northeast— 
the Japhethites, and (4) the remote nations of the south—Nubia, 
Egypt and southern Arabia—the Hamites, to which he adds (c) as 
a third group the Hebrews and those adjacent or ‘‘ near’’ to them, 
though his definition of ‘‘ near’’ again displays a larger historical 


‘I Kings, chap, x—amplified by further details in the “ Midrashic” litera- 
ture. See ¢. g. Weil's Biblische Legenden der Muselmdinner, pp. 247-271. 
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and geographical view than does J and the school of writers that 
follow him. Lastly, it is to be noted that the writers responsible 
for the numerous additions and glosses to J as well as the compiler 
who combined J with P stand under the influence of the narrower 
view manifested by J, so that in its present form the Vé/kertafel in 
the tenth chapter of Genesis regarded as a ‘‘ combined ’’ document 
impresses one as bearing out J’s conception of Hamites and 
Shemites, the former as the ‘‘ accursed,” the latter as those 
‘* blessed ’’ by Jahweh, rather than P’s definition. Nor is it sur- 
prising, in view of political events and religious developments in 
the post-exilic period, that the more rigidly ‘‘ scholastic’’ division 
of nations should have been eclipsed by one that appealed more to 
the national interests and that must have been a source of hope and 
consolation in trying.days—encouraging the Hebrews to look for- 
ward to a time when the ‘‘ curse” and ‘‘ blessing’’ pronounced on 
Ham and Shem, or Canaan and Eber, respectively, would be ful- 
filled. 
University of Pennsylvania, June, 1904. 


REGULATION OF COLOR-SIGNALS IN MARINE AND 
NAVAL SERVICE. 


BY CHARLES A. OLIVER. 
(Read April 9, 1904.) 


When it is considered that the most dangerous periods of time 
for the safety of lives and preservation of property at sea are those 
during which the proper recognition of color-signals constitutes the 
main and, at times, the only guide for immediate action, the impor- 
tance of the regulation of the choice of the colors used, the character 
of the materials employed, the size of the objects submitted for 
inspection, and the degree and the character of the visual acuity 
necessary for the determination of such colors, become evident. 

So long as the high seas are necessarily free, and harbors con- 
stantly changing in topography and ofttimes difficulty of access ; 
rivers and streams occupied in similar places by crafts of varied 
size and differing speeds ; permanently fixed objects, such as buoys 
and direction and danger indicators, must have color differentiation 
employed as their main expressive feature ; and color-signs must be 
used to signify the position of large floating masses, such as ships at 
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anchor,—just so long will it remain necessary continually to 
improve the color material employed during actual service, and to 
render the apparatus which is to be used the most simple in con- 
struction that can be employed. 

The well-filled harbor, with its changeable and constantly cross- 
ing paths containing traffic of every conceivable kind, the insta- 
bility of the water mass itself, and the uncertain factors, such as 
fogs, mists and snow, all show to what great degree of danger 
every moving object placed within such a situation is exposed. 
These conditions are far different in degree of uncertainty from 
those that are seen in railway travel, in which the directions 
of movement are comparatively fixed, every change of direction 
well protected, and all of the trains carefully guarded by block 
systems. 

The first question which arises is, Can the system of signalling 
now in vogue in marine and naval service be so changed as to give 
better results with less liability to error ?' 

Experiment and trial have shown that the visual apparatus which 
projects man’s ordinary sensory powers possibly to the greatest 
distance into space must be the sensory organ which is preferably 
to be employed during the common routine of duty. Fixed 
or intentionally changed color differentiations being less unstable, 
and hence more certain for visual perception than mere recognition 
of form and objective motion, must be that which should be 
practically employed. As the result of experience, the coarse 
colors, red, green, yellow, white and blue, are the ones which have 
been found to be the best for use during maritime signalling. 
These colors which are either placed in related situations upon 
movable bodies (both while in motion and while at rest upon 
bodies of water), or which are situated in fixed positions, are made 
interchangeable and time-regulated. These colors, possessing 
definite color-arrangement and color-sequence, are intended either 
to express direction, signify protection or designate code-signalling ; 
varieties of work—the correct and, at times, vital answers to which 
are dependent solely upon color recognition at distances which are 


' Better, less complicated, and hence cheaper and_ more easily applied adapt- 
ations of the Hertzian Ray apparatus mght accomplish the purpose in one 
way; but unfortunately, unless such instrumentation is automatic in action, and 
unless its maragement and use can be kept constantly correct, this method must 
be considered in the light of the future. 
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comparable with safety to large moving masses that often can be 
alone stopped slowly and gradually—colors and relative positions 
which must be carefully chosen in regard to distances, situ- 
ations, etc. 

In the following paragraphs it has been endeavored to express 
clearly and briefly the specific reasons for the improvements and 
changes suggested. 

I. All of the color tints to be used both by reflected light- 
stimuli and transmitted light-stimuli (day and night) during actual 
duty, should be officially proven copies of standards which have 
been carefully chosen in such a way that the signals may be uniform 
in tint in spite of variations in the character of the illuminants 
themselves. These selections should be made by an international 
commission of normal-eyed color experts. The color-signals will 
then be universally alike, thus minimizing danger from confusion 
due to false color exposure. 

These results can probably best be obtained by mathematically 
and analytically obtaining sample pigment hues, both for diffuse 
reflected solar light and diffuse refracted artificial light, of specified 
kinds, character, degrees and tints, which are equivalent to the 
midway bands for the colors used in the corresponding portions of 
the color spectra obtained during exposure to the illuminant to be 
employed during actual service. 


II. Each vessel of any importance should be provided with pro- 
portionately-sized miniature samples of color-boxes, color-lamps, 
signal-colors, etc.,—or better, fitted with full-sized examples of the 
same,—all carefully protected and boxed. These should be used as 
guides for the tinting of all material which employs color as 
its basis for signalling of any kind. These materials should be 
certified by proper authority, and should be obtainable at cost at 
licensed shops in every port of any consequence. 


III. It should be a part of the official duty of every national, 
state and municipal government to see that the materials which are 
used for color-signalling in any form, as well as the samples, are 
periodically examined as to cleanliness and stability of tint. 
Dated certificates, brief and to the point, with plain instructions 
for the easiest manufacture and the best plans for the preservation 
of the color materials, together with clearly expressed rules for dis- 
tances used, situations employed, and notes on any color peculiarity 


PROC. AMER. PHILOS. SOc. XLII. 176. N. PRINTED JUNE 27, 1904. 
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of certain ‘places, should be given; these to be submitted for 
inspection on demand. 

IV. Every series of related colors used should be regulated, both 
as to their comparative sizes of exposure and the relative degrees of 
color saturation ; these should be duly proportionate in reference to 
equalities, distinctness, relationships and association of safe dis- 
tances, and with regard to differences in degrees of penetrability. 
This can be accomplished either by having the color values 
graded proportionately (a bad plan, since it tends to weaken the 
value of the stronger colors), or by making the color areas relative 
in size: for example, to give a green signal light a similar degree of 
brightness, and hence the same relative distinctness (which governs 
all apparent distances, and in consequence the relationships of 
the two colors), as red, it must either be five times more power- 
fully illuminated than the red or given five times more exposed 
superficial area: so too with all other color changes; there is an 
idiocratic relationship. Clinical experiment has shown this, and 
laboratory research has confirmed the practical findings. The 
importance of this factor can hardly be overestimated when 
the series of individual signal colors are numerous in well-filled and 
busy harbors. 

These plans once agreed upon by such an international com- 
mission, all necessary data will soon become common property, and 
in consequence the system will be universally understood. 


Philadelphia, April 7, 1904+ 
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Vienna. 


(Read April 8, 1904.) 


In making a collection of any kind of matter two ends 
must be kept in view; firstly, to secure in due time and to 
preserve as great and complete a variety of the material as 
possible, and secondly, to illustrate as fully as possible all 
ways in which the matter may be considered. 

According as a collection provides for the first or the second 
purpose it is called a systematic or a synoptical collection. 

Until 1889 there existed meteorite collections of the first 
kind only; in this year the new Natural History Museum of 
the Court at Vienna was to be opened; and as for a hundred 
years this collection had been worked upon by Chladni, 
Schretbers, Widmanstitten, Partsch, Haidinger, Hérnes, Wohler, 


Tschermak and myself, most of its specimens from different 
localities had been investigated structurally and chemically 
so thoroughly, that I could for the first time divide the 
material into ten great series. 

They were disposed as follows: 

I. Ancient coins on which sacred meteorites were repre- 
sented. 


II. Historical meteorites which were worshiped by primi- 
tive nations or which formed standards in the development 
of meteoric science; related bodies, as fallen dust, bloody 
rain, meteor-paper, nuclei of hail and pseudo-meteorites. 

III. Specimens of meteorites which show processes of melt- 
ing, incrustation, cleaving and faulting, black and metallic 
veins, etc., (celestial alterations); and the results of experi- 
ments on meteorites for producing similar alterations. 

IV. Specimens showing terrestrial alterations, viz., defor- 
mation by falling on the earth, erosion of the surface by 
terrestrial agents, chemical alteration after the fali, forma- 
tion of new constituents by humidity, etc. 

V. The constituents of the meteorites,,from simple minerals 
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to complex bodies, free and in combination; artificial pro- 
ducts, meteorites and their minerals formed synthetically. 
VI. Slices through whole meteorites from all petrographic 
groups, showing the general structure on large surfaces. 
VII. A series of specimens of equal size and normal con- 
stitution of all groups of meteorites, free from extraordinary 
inclusions, but showing the differences between pieces of the 
same fall; this series was intended to allow of a quick deter- 
mination of the group to which a new meteorite belongs. 
VIII. A collection of microscopic slides of all meteorites 
fit for microscopic study. 
IX. The systematic collection, containing the main mass of 
the collection, arranged from the petrographical and minera- 
















logical points of view. 
X. Casts of all meteorites of characteristic outer form. 










A collector who has considerable means at his disposal 
should begin by forming a systematic collection. An excel- 
lent example of such a collection built up within a moderate 
number of years is the Ward-Coonley collection, whose cata- 
logue has lately been published. It represents a greater 
number of localities than any other public or private collec- 
tion in the world, nearly go per cent. of all meteorites known; 
and it averages so high in weights, that later it may from 
its surplus furnish the material for all kinds of researches and 
for exchanges on the largest scale, so that it will be indepen- 
dent from acquisitions by purchases for a long time and will 
permit of the formation by and by of a synoptical collection. 

In the following pages I give the description of a collection 
of this second kind, which I have formed since 1896, derived 
from a small number of monopolized falls by numerous ex- 
changes. This description may serve as a guide for collectors 
who intend to develop a synoptical collection out of the 




















material of a systematic one. 











I. Betyt Corns. 


The ancients supposed the stars to be the domiciles of 
the gods; falling stars and falling meteorites signified the 
descending of a god or the sending of its image to earth. 
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These envoys were received with divine honors, embalmed 
and draped and worshiped in temples built for them. 

From about 400 (or 500) B.C. to 300 A.D. coins were struck 
in honor of these divinities by emperors and autonomous 
cities. 

In general the images were rather naturalistic in older 
times and became human-like (iconic) afterward. 

Many of these betyl coins represent stones reported ex- 
pressly to have fallen from heaven; some of them present as 
a common feature the likeness to conic stones, or obelisks 
or to archaic, half-iconic simulacra; so it comes that similar 
representations of unknown origin were likewise supposed 
to represent sacred meteorites. 


A. Betyls Reported to Have Fallen from Heaven. 


1. The Omphalos of Delphi.—A black stone which was given 
by Rhea to Uranos instead of the new-born Zeus, and ren- 
dered to Zeus after his victory over Kronos; Zeus or Saturn 


threw it on the Earth, on the point which was considered as 
the centre of the Earth. 

Eleuthernai, Kreta; Autonomous 2 AE.! 

Makedonia; Philippus II AR. PI. I, Fig. 1. 

Myrina, Aiolis; Auton. AR. Fig. 2. 

Nakrasa, Lydia; Auton. AE. Fig. 3. 

Neapolis, Campania; Auton. 3 AE. Fig. 4. 

Parthia; Tiridates 3 AR, Fig. 5, Arsaces II AR, Phriapa- 
tius AR, Phraates I 4 AR, MithradatesI 5 AR. Fig. 6. 

Roma, Italia; Sabina AE. 

Syria; Antiochus I Soter 1o AR, Fig. 7, Antiochus II 
Theos AR, Antiochus Hierax 2 AR, Seleucus III Ceraunus 
3 AR, .Antiochus filius AR, Antiochus III Magnus 17 AR, 
Seleucus IV Philopator 2 AR, Antiochus IV Epiphanes AR, 
Demetrius I Soter 3 AR, Fig. 8, Alexander I Bala 4 AR. 

2. The Stone of Emisa, El Gabal.—A black, conical stone, 
which Herodian reports to have fallen from heaven; Elagabal 
transferred it to Rome, where it remained until 222 A.D. 


1 AE bronzes, AR argent, AV aurum (gold); the number before 
gives the number of different kinds represented: 2 AE, two bronzes. 





214 BREZINA—COLLECTIONS OF METEORITES. [April 8, 


Emisa, Seleukis and Pieria; Antoninus Pius 2 AE. Fig. g. 

Roma, Italia; Elagabalus 3 AR. Fig. 10. 

3. Zeus Katatbates—The descended god, who was repre- 
sented sitting on a throne. 

Kyrrhos, Kyrrhestika; Trajan AE, Fig. 11, Antoninus 
Pius 2 AE, Marcus Aurelius 2 AE, Lucius Verus AE, Commo- 
dus AE, Elagabal AE, Philippus pater AE, Fig. 12, Philippus 
filius 2 AE. 

4. Aphrodite Paphia.—A stone said to have fallen from 
heaven as an image of the Paphian Aphrodite; an elongated 
cone in a temple of two columns, 

Kypros; Galba AE, Vespasian 4 AR, Fig. 13, AE, Trajan 
AE, Septimius Severus AE, Julia Domna AE, Caracalla AE. 
Fig. 14. 

5. Artemis Ephesia.—Image of Artemis reported to have 
fallen from heaven and been preserved in the temple of 
Ephesos. Form half-iconic. 

Aizanis, Phrygia; Auton. AE, Commodus AE. PI. II, Fig. 


IS. 


Ankyra, Phrygia; Sabina AE, Faustina jun. 2 AE, Julia 
Domna AE. 

Ephesos, Ionia; Antoninus Pius AE. 

Ephesos and Pergamon; Commodus AE, Gallienus 2 AE. 


Figs. 16, 17. 

Eumeneia, Phrygia; Auton. AE. 

Nakrasa, Lydia; Auton. 2 AE. 

Philadelphia, Lydia; Auton. AE. 

Provincia Asia; Claudius AR, Fig. 18, Hadrian 2 AR. 

Roma, Italia; Hostilia AR. Fig. 19. 

Tabai, Karia; Auton. AR. 

Tiberiopolis, Phrygia; Trajan AE. 

6. Stone of Astarte, which fell as a star from heaven and 
was raised by Astarte, who consecrated it to the town of 
Tyros; a second stone of Astarte was worshiped at Sidon 
(represented laying on a car), and some coins of Tyros exhibit 
both stones (the Ambrosian petrz). 

Sidon, Phoinikia; Auton. 3 AE, Hadrian AE, Caracalla AE, 
Elagabal 9 AE, Fig. 20, Julia Soemias AE, Julia Mesa AE, 
Annia Faustina AE, Alexander Sever AE. 
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Tyros, Phoinikia; Elagabal AE, Fig. 21, Valerianus pater 

AE, Salonina AE 
B. Betyls Accepted by Analogy to Represent Meteorites. 

7. The Pyramids or Obelisks of Apollon.— 

Ambrakia, Epeiros; Auton. 3 AE. 

Apollonia, Illyria; Auton. 3 AE. Fig. 22. 

Megara, Megaris; Auton. AE. 

Myrina, Aiolis; Auton. AE. 

8. The Herms of Hermes, Ithyphallos and Priapos.— 

Makedonia; Alexander III Magnus AR. Fig. 

9. Telesphoros.— 

Akrasa, Lydia; Auton. AE. 

Eukarpeia, Phrygia; Auton. AE. Fig. 24. 

Hadrianeia, Mysia; Antoninus Pius AE. 

Roma, Italia; Caracalla AE. 

10. The Two Stones of Zeus Dolichenos or Herakles Sandan.— 

Syria (Tarsos); Antiochus VIII Grypus 3 AR, Fig. 25, 
Antiochus [X Cyzicenus AR. 

Tarsos, Kilikia; Auton. 6 AE. 

11. Zeus Kasios, represented as a conical stone suspended 
by a chain in a strap. 

Seleukeia, Seleukis and Pieria; Trajan 8 AE, Fig. 26, 
Antoninus Pius 2 AE, Marcus Aurelius AE, Commodus AE, 
Septimius Severus AE, Caracalla AE, Alexander Severus AE. 

12. Conical or Quadratic Stones without determination.— 

Mallos, Kilikia or Rhosos, Seleukis and Pieria; Auton. 2 
AR. Fig. 27. 

Perga, Pamphylia; Gallienus AE. 

Synnada, Phrygia; Gallienus AE. Fig. 28. 

13. The Conical Stone of Aphrodite Urania.— 

Makedonia (Uranopolis); Alexander III Magnus 12 AR. 
Pl. III, Fig. 29. 

Uranopolis, Chalkidike; Auton. AE. 

14. The Simulacrum of Artemis Anaitis, half-iconic.— 

Apameia, Phrygia; Auton. AE. 

Hypaipa, Lydia; Trajan AE. Fig. 30. 

15. The Simulacrum of Artemis Leukophrys, half-iconic.— 

Magnesia ad Maandrum, Ionia; Auton. AE. Fig. 3r. 
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16. The Simulacrum of Artemis Pergaia; a cone with human 
head.— 

Kaisareia, Kappadokia (Provincia Asia); Trajan AR. 
Fig. 32. 

Perga, Pamphylia; Auton. 2 AE, Trajan AE, Caracalla AE, 
Diadumenian AE, Tranquillina 2 AE, Fig. 33, Philippus pater 
3 AE, Valerianus pater AE, Gallienus 3 AE, Aurelian AE. 

Pogla, Pisidia; Antoninus Pius AE. 

Provincia Asia; Nerva 2 AR, Trajan3 AR. Fig. 34. 

17. Lhe Simulacrum of Astarte, half-iconic.— 

Gabala, Seleukis and Pieria; Macrinus AE. 

18. The Conical Stone of Hera.— 

Chalkis, Euboia; Auton, AE. Fig. 35. 

19. The Simulacrum of the Samian Hera, half-iconic.— 

Panionion, Ionia; Marcus Aurelius AE. Fig. 36. 

Samos, Ionia; Caracalla AE, Fig. 37, Alexander Severus 3 
AE, Philippus pater 2 AE, Trajanus Decius 2 AE, Etruscilla 
2 AE, Gallienus AE, Fig. 38. 


20. The Simulacrum of Persephone, half-iconic.— 
Julia Gordos, Lydia; Marcus Aurelius AE. 

Sardes, Lydia; Auton. AE, Fig. 39, Salonina 2 AE. 
Sardes and Hierapolis; Philippus pater AE. 

21. Archaic Simulacrum of Double Goddess.— 
Capua, Campania; Auton. AE. 


C. Related Celestial Bodies. 
22. Comets.— 
Roma, Italia; Sanguinia (Julius Cesar) AR, Augustus 5 
AR. Fig. 40. 
Silesia, Germany (modern); Auton. AV, Fig. 41, 2 AR, AE. 


II. HistoricaL METEORITES. 
Mordvinovka, Ekaterinoslav, Russia. Prehistoric. Cw.’ 
I gram, 2 cm. 
Casas Grandes, Mexico. Prehistoric. Om. 102 gr. 26cm. 
These two meteorites were found in prehistoric tumuli. 
!The symbols following the date of fall designate the petrographic 


group as defined later on (VII, System of Meteorites). Weight and 
profitable surface are added in grams and square centimeters. 
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Wichita county, Brazos, Texas. Found 1836. Og. 168 gr. 
44 cm. Worshiped by Indians as coming from ‘‘the Great 
Spirit.” 

Kesen, Iwate, Japan. Fell June 13, 1850. Ccb. 8 gr. 
5 cm. Worshiped in a temple of Iwate as a betyl. 

Ensisheim, Alsace, Germany. Fell November 16, 1492. 
Ckb. 1ogr.5cm. Oldest meteorite of known fall. 

Elbogen, Bohemia. Known since about 1400. Om. 12 gr. 
4 cm. The so-called “‘verwunschene Burggraf.’’ Said to 
have occided in 1410 the burggrave Botho von Eulenburg, 
defamed for his cruelty, the ancestor of the principles of 
Eulenburg. 

Krasnojarsk, Siberia. Found 1749. Pk. 25 gr. 8 cm. 
The meteorite on which Chladni demonstrated the cosmic 
nature of these bodies. 

Albareto, Modena, Italy. Fell July, 1766. Cc. 3 gr. 
2cm. The fall was described carefully by the Jesuit Troili in 
the paper ‘Della caduta di un sasso dell’ aria.’’ Modena, 
1766, 128 pages. 

Barbotan, France. Fell July 24, 1790. Cga. 9g gr. 4 cm. 
These stones were thrown away by the Paris Academicians, 
who feared the ridiculousness, if believing in the reality of. 
the fact of falling stars. 

Laigle, France. Fell April 26, 1804. Cib. 115 gr. 18 cm. 
The fall was examined carefully by the celebrated Biot and 
dissipated the doubts in France. 

Borodino, Russia. Fell September 5-6, 1812, during the 
battle of Borodino, in the chief-quarter of the Russians. Cgb. 
5 gr. 2.cm. 

Mazapil, Mexico. Fell November 27, 1885, with the Bielid 
star-shower which replaced the disappeared Biela comet. 
Om. II gr. 15 cm. 

Bjurbdéle, Finland. Fell March 12, 1899, in the bottom of 
Stensbéle Fjérde, and was raised by divers; shows adhering 
sea-ooze. Cca. 61 gr. 12 cm. 

Breslau, Silesia. Fell January 31, 1848. 4 gr.—Rescht, 
Persia. Fell September 10, 1864. 3 gr.—Nacimiento del 
Rio Colorado, Argentina. Fell 1883. 1 gr.—Meteoric dust 
containing nickel. 
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Neusohl, Hungary. Fell January, 1848. 0.3 gr.—Nieder- 
tenzel, Bohemia. Fell February 18, 1899. 11 gr.—Terres- 
trial dust containing no nickel. 

Ivan, Oedenburg. Hungary. Limonite pebbles which fell 
August 10, 1841, in accumulations of hundreds of tons, being 
raised by a cyclone from the exsiccated grounds of Lake 


Neusiedel. 
III. ScatTTERING oF METEORITES. 


Brenham, Kansas. Found 1885. Pk. Free of olivine. 250 
gr. 38 cm.—Brenham, Kansas. Found 1885. Pk. Rich in 
olivine. 1og gr. 45 cm.—Glorietta, New Mexico. Found 
1884. Pk. Free of olivine. 119 gr. 36 cm.—Members of the 
chain-fall Brenham (37° 38’ N., 99° 13’ W.), Glorietta (35° 52’ 
N., 105° 30’ W.), Port Orford (42° 46’ N., 123° 10’ W.). 

Lerici, Italy. Fell January 30,1868, 7 p.m. Cga. 6 gr. 3 
cm.—Pultusk, Russia. Fell January 30, 1868, 7 p.m. Cgb. 
57 gr.—Alike in structure, fell at the same time on a line 
coinciding with the flying-line of Pultusk; Lerici 44° 4’ N.., 
9° 55’ O., Pultusk 52° 42 N., 21° 23’ O. 

Vaca Muerta, Chile. Known 1861. Mg. 30 gr. 11 cm.— 
.Cerro la Bomba, Taltal, Chile. Found 1888. Mg. 151 gr. 
18 cm.—Quebrada Huanilla, Cachinal, Chile. Found 1887. 
Mg. 2 gr. 2 cm.—Mejillones, Chile. Found 1867. Mg. 
1 gr. r cm.—Pieces misplaced by rancheros. 

Lion River, Great Namaland. Found before 1853. Of. 
27 gr. 7cm.—Bethany-Berseba, Namaland. Known in 1874. 
Of. 4 gr. 3 cm. Mukerop, Gibeon, first block. Found in 
1899. Of. 500 gr. 42 cm.—Mukerop, Gibeon, second block. 
Known in 1902. Of. 673 gr. 36 cm. 

Lion River circa 23° 40’ S., 17° 40’ W.; Bethany 26° 30’ 
S., 16° 49’ W.; Berseba 26° 0’ S., 17° 42’ W.; Gibeon 25° 6’ 
N., 17° 48’ W. 

MELTING AND FusIoN, SCORIFICATION, FAULTING, SEPA- 
RATING. 


Stannern, Moravia. Fell May 22, 1808. Eu. 162 gr. 
28cm. Crust melted easily; fritted earth on front side. 
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Juvinas, France. Fell June 15, 1821. Eu. 21 gr. 9 cm. 
Crust melted easily, with small rolls. 

Mocs, Hungary. Fell February 3, 1882. Cwa. 135 gr. 
Five individuals; crust thick, scorified. 

Orvinio, Italy. Fell August 31,1872. Co. 3o0gr. Whole 
individual orientated, scorified crust, interrupted. - 

Kernouvé, France. Fell May 22, 1869. Cka. 173 gr. 
42cm. Crust loose, scabby, partly fallen off. 

Antifona, Italy. Fell February 3, 1890. Cc. 241 gr. 42 
cm. Apex of the stone with radial drift. 

Aleppo, Turkey. Found 1873. Cwhb. 67 gr. 15 cm. 
Crust of back, scoriated and bubbly. 

Pultusk, Russia. Fell January 30, 1868. Cgb. 233 gr. 
30 cm. Whole individual, highly orientated; front crust 
primary, back crust secondary, thin. 

Knyahinya, Hungary. Fell June 9, 1866. Cg. 292 gr. 
50 cm. Highly orientated whole individual, front drift, roll 
border; back crust thin, brown, crust-sprinkled. 

Knyahinya. 127 gr. 18cm. Individual of loaf form with 
uncovered striking spots. 

Estherville, lowa. Fell May 10,1879. M. 40 gr. 6 and 3 
cm. Two whole individuals, the one with metallic, the other 
with stony crust. 

Marjalathi, Finland. Fell June 1, 1902. Pi. 147 gr. 22 
em. Black crust, fine-drusy and even over the iron, even 
and bright over the olivine. 

Glorietta, New Mexico. Found 1884. Pk. 492 gr. 40cm. 
Highly orientated individual, free of olivine; front drift, roll 
border, back crust loose, partly fallen off. 

Pultusk, Russia. Fell January 30, 1868. Cgb. 252 gr. 
30 cm. Whole individual, polyhedral flake with primary 
crust. 

Pultusk, 154 gr. Thirty-eight whole individuals of equal 
weight (4 grams each) with primary and secondary crust. 

Hessle, Sweden. Fell January 1, 1869. Cc. 10 gr. 4 cm. 
Whole individual with four primary faces; apex-concavity 
after chrondule has fallen out. 

Hessle. 13 gr.5 cm. Individual of flake form. 

Kansada, Kansas. Found 1897. Cib. 135 gr. 22 cm. 
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Whole individual, primary faces, partly even, partly piezo- 
glyptic. 

Forest, lowa. Fell May 2, 1890. Ccb. 83 gr. Five indi- 
viduals with faces partly polyhedral, partly rounded. 

Cafion Diablo, New Mexico. Found 1891. Og. 122 gr. 
28 cm. Individual in form of acute-angular, piezoglyptic 
flake. 

Cafion Diablo. 51 gr. Twelve individuals of similar sharp 
angular flake form. 

Aumiéres, France. Fell June 3, 1842. Cwa. 18 gr. 5 cm. 
Flawy crust (craquelé) on concave face. 

Dhurmsala, India. Fell July 14,1860. Ci. 257 gr. 40cm. 
Stone which was extremely cold when it reached the earth. 

Ochansk, Russia. Fell August 30, 1887. Ccb. 12 gr. § 
em. Infiltration of crust and crust-drops on uncovered fis- 
sure, issuing from bubbly scoriaceous crust. 

Girgenti, Italy. Fell February 10, 1853. Cwa. 132 gr. 
22 cm. Parallel infiltration-veins with lateral apophyses. 
Plate IV, Fig. 42. 

Fisher, Minnesota. Fell April 9, 1894. Cia. 208 gr. 27 
em. Ramified crust-infiltration. 

Maémé, Japan. Fell November ro, 1886. Cia. 97 gr. 
24 cm. Chondrule transpierced by infiltration-vein. 

Aumiéres, France. Fell June 3, 1842. Cwa. 18 gr. 5 cm. 
Chondrule faulted by a black vein. 

Baratta, New South Wales. Fell May, 1845. Cgb. 45 gr. 
18 cm. Broken chondrule, the parts dislocated. 

Chateau-Renard, France. Fell June 12,1841. Cia. 80 gr. 
12cm. Thick harness uncovered. 

Stilldalen, Sweden. Fell June 28, 1870. Cgb. 34 gr. 
g cm. Harnesses in different directions, partly uncovered. 

Alessandria, Italy. Fell February 2, 1860. Cga. 15 gr. 
5 cm. Harnesses and black crust-veins. 

Zavid, Bosnia. Fell August 1, 1897. Cia. 310 gr. 31 cm. 
Thin harness on even rupture-face. 

Lasdany, Russia. Fell Juner2,1820. Cga. 77 gr. 12cm. 
Harnesses on uneven rupture-faces. 

Badger, New Mexico. Known 1897. Om. 427 gr. 45 cm. 
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Empty octahedral fissures, crust in an excavation, stowing 
of lamelle. 

Badger. 461 gr. 30 cm. Octahedral fissures filled with 
magnetite; faulting and bending of lamelle. 

Chantonay, France. Fell August 5, 1812. Cgb. 89 gr. 
25cm. Fluidal structure of black parts. 

Mocs, Hungary. Fell February 3, 1882. Cwa. 6 gr. 
Unchanged original mass and pieces heated in copper 
enclosure (blackened) 

Knyahinya, Hungary. Fell June 9, 1866. Cg. 4 gr. 
Heated in copper enclosure and blackened. 

Albareto, Italy. Fell July, 1766. Cc. Ignition prepara- 
tion (from old Italian experiments). 

Arlington, Minnesota. Found 1894. Om. 28 gr. 6 cm. 
Iron-enamel, alteration-zone along natural surface. 

Ngoureyma, Algiers. Fell June 15, 1900. Obzg. 29 gr. 
7cm. Iron-slag in fissure; molten and tracted mass. 

Carlton, Texas. Found 1887. Off. 147 gr. 30cm. Iron- 
slag in concavity; bending and faulting of lamelle. 

Jamestown, Dakota. Found 1885. Of. 69 gr. 20 cm. 
Melting-slag and alteration-zone. 

Mukerop (Bethany), Namaland. Found 1899 (1853). Of. 
350 gr. 30cm. Melting-slag and alteration-zone. 

Reed City, Michigan. Found 1897. Oge. 122 gr. 23 cm. 
Mollified; alteration-zone. 

Hammersley, Australia. Found 1894. Om. 119 gr. 22 cm. 
Alteration-zone of 60 mm. thickness. 

Silver Crown, Wyoming. Found 1887. Og. 134 gr. 35 cm. 
Alteration-zone of 3-4 mm. thickness. Plate IV, Fig. 43. 

Sarepta, Russia. Found1854. Og. to9gr.gcem. Altera- 
tion-zone, inner curve equalized, 1-3 mm. thickness. 

Barranca Blanca, Chile. Found 1885. Obz. 17 gr. 4 cm. 
Alteration-zone of 1-3 mm. thickness. 

Oscuro Mountain, New Mexico. Known 1898. Og. 67 gr. 
17cm. Alteration-zone of o.4-2 mm. thickness. 

Ballinoo, Australia. Found 1893. Off. 395 gr. 40 cm. 
Double alteration-zone, outer zone sparkling, inner dull. 
Plate V, Fig. 44. 

Azucar, Chile. Found 1887. Og. 160 gr.35 cm. Alter- 
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ation-zone of 1-8 mm. thickness, terminating at a concavity 
produced by molten and removed Troilite. 

Puquios, Chile. Found 1894. 70 gr. 12 cm. Faulting 
of octahedral lamelle. 

Bridgewater, North Carolina. Described 1890. Om. 128 
gr.30cm. Faulting of octahedral lamelle. 

Mukerop (Bethany), Namaland. Found 1899 (1853). 
386 gr. 35 cm. Faulting of lamelle on border-fissures. 

Mukerop. 64 gr.g cm. Wall-border bent on two sides. 

Mukerop. 400 gr. 42 cm. Wall-border bent on one side. 

Bella Roca, Mexico. Described 1888. Of. 104 gr. 15 cm. 
Wall-border bent on one side. 

Mukerop. 727 gr. 38 cm. Hexahedral chamfers. 

Lime Creek, Alabama. Found 1834. H. 8 gr. 2 cm. 
Neumann-lines bent. 

DeSotoville, Alabama. Found 1878. H. 158 gr. 25 cm. 
Canted Giant-Rhabdites on curveted faulting vein. 

Badger, New Mexico. Known1897. Om. 162 gr. 52cm. 
Strong bending of inner octahedral lamelle. 

Smith Mountain, North Carolina. Known 1863. Of. 
14 gr. 14 cm. Damascened, violet and blue (Kamacite), 
pink (Taenite). 

Homestead, Iowa. Fell February 12, 1875. Cgb. 62 gr. 
11cm. Gray unchanged mass (48 gr.), green (serpentinized) 
mass (14 gr.). 

Ophir, Montana. Found 1897. Dn. 30 gr. Chips 5-7 
em. long, o.5—1 mm. thick. 


V. WEATHERING, FORMATION OF NEw CONSTITUENTS. 


Saline, Kansas. Fell November 15, 1898. Cck. 67 gr. 
22cm. Spots of rust piercing through the crust. 

Stalldalen, Sweden. Fell June 28, 1870. Cgb. 37 gr. 9 
em. Limonite formed on a harness-face. 

Long Island, Kansas. Found 1892. Cia. 160 gr. 30 cm. 
Rusted through the whole mass by resting in moist earth. 

Amana, Somaliland. Fell July 4, 1889. Ckb. 93 gr. 30 
cm. Stratified Limonite crust on the surface. 

Amana. 8 gr. 3 cm. Loose stratified Limonite crust. 
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Mackinney, Kansas. Fell 1870. Cs. 91 gr.40cm. Limonite 
crust on the surface. 

Mackiney. 50 gr. Loose Limonite crust. 

Orgueil, France. Fell May 14,1864. K. 33 gr. Weath- 
ering grains. 

Brenham, Kansas. Found 1885. Pk. 98 gr. 29 cm. 
Olivines partly fresh, partly limonitized. 

Brenham. 187 gr. 36cm. Olivines browned. 

Brenham. 75 gr. Loose limonitized grains as products 
of weathering. 

Mount Dyrring, New South Wales.” Known 1902. Pk. 
26 gr. g cm. Olivines browned, Nickel-iron limonitized, 
Schreibersite fresh. 

Mount Dyrring. 149 gr. 35 cm. Nearly entirely limoni- 
tized; weathering in layers; olivines mostly changed into red- 
dish-white substances. 

Admire, Kansas. Found 1892. Pr. 244 gr. 20 cm. 
Weathering-crust 5-10 mm. thick; beginning of falling to 
pieces by formation of fissures. 

Imilac, Chile. Found 1800. Pi. 100 gr. Twenty-three 
weathering individuals. 

Wichita, Texas. Found 1836. Og. 44gr.14cm. Worm- 
like limonitic rust-figures, free of Bacteria. 

Joe Wright, Arkansas. Found 1884. Om. 

Dividing along the octahedron-faces. 

Lipan Flats, Texas. Found 1897. Om. 184 gr. 27 cm. 
Dividing partly along octahedron-faces, partly curvilinearly. 

Tarapaca, Chile. Known 1894. Om. 264 gr. 22 cm. 
Uncovered (disintegrated) octahedron-faces of 3-4 cm. by 
weathering on fresh mass. 

Ranchito, Mexico. Found 1871. Off. 65 gr. 12 cm. 
Uncovered octahedron-faces of 2 cm. by weathering on fresh 
mass. 

Cosby’s Creek, Tennessee. Found 1837. Og. 37 gr.6cm. 
Uncovered (disintegrated) octahedron with superposed Tae- 
nite lamelle. 

Welland, Canada. Found 1888. Om. 11 gr. Uncovered 
octahedron lamelle. : 
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Nelson County, Kentucky. Found 1860. Ogg. 261 gr. 
40 cm. Octahedral weathering on fresh mass. 

Sao Juliao, Portugal. Found 1883. Ogg. 14 gr. Nail 
formed by weathering. 

Mount Joy, Pennsylvania. Found 1887. Ogg. 29 gr. 
Fallen down in grains of 2-3 cm. 

Badger, New Mexico. Known 1897. Om. 5 gr. Grains 
of Limonite as products of weathering. 

Apolonia, Mexico. Found 1897. 40 gr. 12 cm. Changed 
into Limonite. é 

Sao Francisco, Brazil. Found 1874. Tell. 343 gr. 28 cm. 
Penetrating of limonitic alteration in layers. 

Sao Francisco. 47 gr.8cm. Altered to Hematite. 

Sao Francisco. 89 gr.1g¢cm. Cellular alteration to Hema- 
tite and Limonite. 

Augustinowka, Russia. Found 1890. Of. 130 gr. 22 cm. 
Stratified Limonite-crust of 2-3 cm. thickness. 

San Cristobai, Chile. Found 1882. Dl. 5 gr. Whitish 
limonitic products of alteration. 

Vaca Muerta, Chile. Known 1861. Mg. 63 gr. 12 cm. 
Forming of Nickel sulphates. 

Dofia Inez, Chile. Found 1888. M. 15 gr.6cm. Form- 
ing of Nickel sulphates. 


VI. CONSTITUENTS OF METEORITES. 


Saline, Kansas. Fell November 15, 1898. Cck. 146 gr. 
36cm. Free Phosphorus by opening the interior. 

Nowo Urej, Russia. Fell September 22, 1886. U. 14 gr. 
6 cm. Diamond as microscopic component, one per cent. of 


mass. 

Carcote, Chile. Known 1888. Ck. Splinters. Diamond 
as microscopic component. 

Badger, New Mexico. Known 1897. Om. 537 gr. 42 cm. 
Graphite with attached Troilite in form of a T, 3 to 4 cm. 
Plate V, Fig. 45. 

Toluca, Mexico. Described 1784. Om. 177 gr. 22 cm. 
Graphite as layer between nuggets of Troilite and their mantle 
of Schreibersite. 
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Senhadja, Algiers. Fell August 25, 1865. Cwa. 145 gr. 
20cm. Crystals of Nickel-iron, partly with cleavage faces, in 
Troilite; chondrule of 11 mm. diameter with bar. 

Vaca Muerta, Chile. Known 1861. Mg. 1 gr. Grain of 
Nickel-iron with Widmanstatten-figures. 

Crab Orchard, Tennessee. Found 1887. Mg. 35 gr. 12 
em. Chondrule of Nickel-iron with Widmanstatten-figures. 

Mincy, Missouri. Found 1856. M. 140 gr. 30 cm. 
Chondrule of Nickel-iron, 2 cm. diameter, with worm-like 
residues of Silicates. 

Morristown, Tennessee. Found 1887. Mg. ror gr. 35 
em. Chondrules of Nickel-iron, 1-3 cm. diameter, with Sili- 
cate grains. 

Hainholz, Germany. Found 1856. M. 77 gr. 19 cm. 
Chondrules of Nickel-iron, 5-10 mm. diameter. 

Baratta, New South Wales. Fell May, 1845. Cgb. 58 gr. 
18cm. Chondrules partly with Iron cover, partly with Troi- 


lite cover. 
Mackinney, Texas. Fell 1870. Cs. 300 gr. 40cm. Black 


chondrules with Iron cover. 

Marjalathi, Finland. Fell June 1, rgo2. Pi. 61 gr. 17 
cm. Crystals of Nickel-iron up to 6 mm. diameter, with 
rounded edges; crystals of Chromite; cylinder of Troilite. 

Sao Francisco, Brazil. Found 1874. Tell. 24 gr. 6 cm. 
Crystals of Nickel-iron with folded faces. 

Ovifac, Greenland. Found 1808. Tell. 242 gr. 50 cm. 
Nickel-iron grains in Basalt. 

Ovifac. 225 gr. 42 cm. Chondrules of Nickel-iron in 
Basalt. Plate VI, Fig. 46. 

Ovifac. 176 gr. 40 cm. Veins of Nickel-iron in Basalt. 

Coahuila, Mexico. Known 1837. H.. 293 gr. 30 cm. 
Kamacite with hexahedral cleavage. 

Cafion Diablo, New Mexico. Found 1891. Og. 118 gr. 
20cm. Consisting of Kamacite. 

Toluca, Mexico. Described 1784. Om. 347 gr. 30 cm. 
Kamacite with hatchings. 

Merceditas, Chile. Known 1884. Om. 177 gr. 38 cm. 
Kamacite with hatchings. p 
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Seelasgen, Germany. Found 1847. Ogg. 52 gr. 10 cm. 
Kamacite with strong orientated glitter. 

Pila, Mexico. Known1804. Om. 240 gr. 30cm. Kama- 
cite sparkling. 

Fort Pierre, Missouri. Found 1856. Om. 330 gr. 43 cm. 
[ron dull. 

Plymouth, Indiana. Found 1893. Om. 45 gr. 28 cm. 
Iron dull. 

Nelson County, Kentucky. Found 1860. Ogg. 103 gr. 
38 cm. Iron with silky luster. 

Walker Township, Michigan. Found 1886. Of. 333 gr. 
45cm. Kamacite banded. 

Burlington, New York. Known 1819. Om. 10 gr. 3 cm. 
Kamacite puffy. 

Brenham, Kansas. Found 1885. Pk. 267 gr. 28 cm. 
Wrapping-Kamacite. 

Welland, Canada. Found 1888. Om. ggr. Taenites iso- 
lated by weathering. 

Bella Roca, Mexico. Described 1888. Of. 85 gr. 28 cm. 
Taenite prevailing. 

LaCaille, France. Found 1600. Om. 25 gr.14cm. Tae- 
nite prevailing beneath sparkling Kamacite and Plessite. 

Misteca, Mexico. Described 1804. Om. 128 gr. 42 cm. 
Taenite with fernlike skeletons. 

Thunda, Australia. Described 1886. Om. 49’gr. 9 cm. 
Taenite strongly developed. 

Coopertown, Tennessee. Known1860. Om. 49 gr. 11cm. 
Skeletons of Taenite. 

Carlton, Texas. Found 1887. Off. 131 gr.33cm. Ples- 
site prevailing. 

Mungindi, Australia. Known 1897. Off. 47 gr. 17.cm. 
Plessite prevailing, with central skeletons. 

Thurlow, Canada. Found 1888. Of. 22 gr.6cm. Ples- 
site with central skeletons. 

Toluca (doubtful). 27 gr. 6 cm. Bridges (bars) through 
fields and between puffy beams. 

Tazewell, Tennessee. Found 1853. Off. 100 gr. 20 cm. 
Dodecahedral lamellae beneath octahedral ones. 
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Bel'a Roca, Mexico. Known 1888. Of. 37 gr. 12 
Iron-tongue in Troilite. 

San Cristobal, Chile. Found 1882. Db. 3o1 gr. 35 cm 
Shagreen Iron in meandering latticed Iron. 

San Cristobal. 29 gr. 2 cm. Gold-yellow crystal in Troi- 
lite. 

Beaconsfield, Australia. Found 1897. Og. 1 gr. 
lated crystals of Cohenite. 

Niakornak, Greenland. Found 1819. Tell. 1 gr. 
lated Cohenite crystals. 

Glowed steel with 1.3 percent. C. Artificial. 1 gr. 
lated Cohenite crystals. 

Ruffs Mountain, South Carolina. Known 1850. Om. 
gr.12cm. Ribs of gray Cohenite in Kamacite. 

Bendego, Brazil. Found 1784. Og. 148 gr. 25 
Cohenite-ribs in Kamacite, porous. 

Wichita, Texas. Found 1836. Og. 428 gr. 40 
Cohenite ribs with high lustre in Kamacite. 

Magura, Hungary. Found 1840. Og. 174 gr. 36 cm. 
Cohenite ribs in Kamacite, united to skeletons. 

Penkarring Rock, Aust:alia. Found 1864. Og. 73 gr. 
11cm. Cohenite ribs and Schreibersite in Kamacite. 

Cafion Diablo, New Mexico. Found 1891. Og. 159 gr. 
23cm. Cohenite ribs in Kamacite porous and compact. 

Rosario, Honduras. Known 1897. Og. 18 gr. 7 cm. 
Cohenite lamellze and skeletons in Kamacite. 

Deep Springs Farm, North Carolina. Found 1846. Db. 
30 gr. 5 cm. Orientated plates of crystals of Cohenite in 
dull Iron. 

Ovifac, Greenland. Found 1808. Tell. 152 gr. 42 cm. 
Cohenite forming with Nickel-iron grains in Basalt. 

Sao Juliao, Portugal. Found 1883. Ogg. 2gr. Isolated 
crystals of Schreibersite, iridescent. 

Sao Juliao. roo gr. Isolated crystals of Schreibersite. 

Sao Juliao. 60 gr.12 cm. Uncovered skeleton of Schrei- 
bersite. 


Carlton, Texas. Found 1887. Off. 5 gr. Isolated Schrei- 
bersite crystals. 





228 BREZINA—COLLECTIONS OF METEORITES. {April 8, 


Carlton. 277 gr.31cm. Crystals of Schreibersite in Wrap- 
ping Kamacite in the Trias. 

Primitiva, Chile. Found 1888. Dp. 4gr. Isolated frag- 
ments of Schreibersite crystals. 

Toluca, Mexico. Described 1784. Om. 119 gr. 13 cm. 
Crystals of Schreibersite with smooth faces and rounded 


edges; Graphite. 

Saint Francois, Missouri. Known 1863. Og. 47 gr. 30 
em. Schreibersite ribs in Kamacite. 

Bischtibe, Russia. Found 1888. Og. 263 gr. 40 cm. 
Skeleton-like crystals of porous Schreibersite in parallel layers 
of compact Schreibersite in wrapping-Kamacite in the Trias. 

Tennant’s Iron. Found 1784. Og. 9 gr.4 cm. Crystals 
of Schreibersite in parallel layers of Cohenite beneath free 
Cohenite crystals. 

Dacotah, Indian Territory. Found 1863. Ogg. 90 gr. 
35 cm. Hieroglyphic Schreibersite, partly faulted by a fis- 
sure. 

DeSotoville, Alabama. Found 1878. H. 298 gr. 45 cm. 
Schreibersite crystals partly turning into Schreibersite hiero- 
glyphs. 

DeSotoville. 287 gr. 40 cm. Crystal of Schreibersite in 
Limonite-Magnetite beneath Schreibersite hieroglyphs and 
Rhabdite ranges. 

San Cristobal, Chile. Found 1882. Dl. 14 gr. 7 cm. 
Two layers of Schreibersite (compact inward, grainy outward) 
on Troilite. 

San Cristobal. 67 gr.12cm. Schreibersite with hatchings 
in a Troilite crystal. 

Ballinoo, Australia. Found 1893. Off. 99 gr. 28 cm. 
Schreibersite points in Troilite nuggets. 

Ballinoo. 8gr.8cm. Three loose Troilite nuggets, partly 
with crystalline surface, with points of Schreibersite. 

Sao Juliao, Portugal. Found 1883. Ogg. 280 gr. 40 cm. 
Plates of Giant-Rhabdites, 2 cm. long, terminating hiero- 
glyphs of Schreibersite. 

Locust Grove, North Carolina. Found 1857. Ds. 206 gr. 
38cm. Rhabdite plates of 5-12 mm., apparently orientated. 

Seelasgen, Germany. Found 1847. Ogg. 20 gr. 5 cm. 
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Rhabdites abundant in Kamacite; etching zones round 
Taenites. 

Hex River Mounts, Capeland. Found 1882. H. 216 gr. 
45 cm. Parallel ranges of diagonal Rhabdites. 

DeSotoville, Alabama. Found 1878. H. 266 gr. 43 cm. 
Parallel ranges of diagonal Rhabdites beneath skeletons of 
Schreibersite. Plate VI, Fig. 47. 

Scottsville, Kentucky. Found 1867. H. 57 gr. 14 cm. 
Wreath of Rhabdites around Troilite-grain. 

Fort Duncan, Texas. Found 1882. H. 99 gr. 24 cm. 
Inversion of orientated glitter inward and outward of etching 
zone of Troilites; Neumann-lines traversing; rust figures 
worm-like. 

Flovd Mountain, Virginia. Found 1887. Ha. 400 gr. 
40cm. Spot-ranges and Rhabdite-ranges in parallel”planes; 
Troilite with Cohenite or Schreibersite points. 

Butler, Missouri. Found1874. Off. sgr. Isolated Troi- 
lites limonitized. 

Sao Francisco, Brazil. Found 1874. Tell. 2 gr. 1 cm. 


Troilite crystals on folded Troilite plates. 

Kansada, Kansas. Found 1894. Cib. 194 gr. 25 cm. 
Troilite nuggets of various forms beneath Nickel-iron grains 
in Chondrite. 


Zavid, Bosnia. Fell August 1, 1897 Cia. 67 gr. 14 cm. 
Nest of 3 cm. diameter of Troilite grains in Chondrite. 

MacKinney, Texas. Fell 1870. Cs. 250 gr. 40 cm. 
Troilite vein 3-10 mm. thick. 

MacKinney. 351 gr. 48cm. Troilite grains of 3-7 mm. in 
Chondrite. 

Baratta, New South Wales. Fell May, 1845. Cgb. 138 
gr. 38 cm. Chondrules with Troilite mantle beneath grains 
of Troilite and Nickel-iron. 

Bella Roca, Mexico. Known 1888. Of. 94 gr. 30 cm. 
Nuggets of Troilite with wrapping-Kamacite in the Trias. 

Mukerop (Bethany), Namaland. Found 1899. (1853.) Of. 
363 gr.41cm. Nuggets of two kinds of Troilite; the soluble, 
with fluidal structure interlocking as tongues in the insolu- 
ble one. 

Mukerop. 489 gr. 45 cm. Nuggets of soluble and insolu- 
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ble Troilite; Reichenbach lamellz consisting of bulbous Troi- 
lite. Plate VII, Fig. 48. 

Lagrange, Kentucky. Found 1860. Of. 29 gr. 18 cm. 
Reichenbach lamellz with bent borders, trailed. 

Merceditas, Chile. Known 1884. Om. 115 gr. 41 cm. 
Reichenbach lamelle originating in Troilite nuggets. 

Joe Wright, Arkansas. Found 1884. Om. 135 gr. 40cm. 
Reichenbach and Schreibersite lamella 2-3 cm. long. 

Trenton, Wisconsin. Found 1858. Om. 57 gr. 30 cm. 
Reichenbach lamelle 2-3 cm. long. 

Primitiva, Chile. Found 1888. Dp. 25 gr.14cm. Troi- 
lite nuggets with Iron tongues in Nickel-iron, small Troilite 


globes swarming around, beneath hieroglyphs of Schreibers- 


ite. 

Sao Julia, Portugal. Found 1883. Ogg. 157 gr. 20 cm. 
Troilite points in parallel ranges beneath crystals and hiero- 
glyphs of Schreibersite 

Bendego, Brazil. Found 1784. Og. 54gr.13cm. Crys- 
tal of Daubréelite with adhering Troilite, 1 cm. diameter. 

Santo Domingo Yanhuitlan, Mexico. Known 1804. Of. 
42 gr. 36cm. Oval Troilite nuggets transversed by bands of 
Daubréelite; Reichenbach lamelle. 

Badger, New Mexico. Known 1897. Om. 434 gr. 33 cm. 
Daubréelite crystal in Troilite nugget, the whole in wrapping 
Kamacite, on which stowed the octahedral lamellz:; half 
detached octahedron. : 

Shalka, India. Fell November 30, 1850. Chl. to gr. 
4cm. Chromite individuals up to 5 mm. diameter, strongly 
deformed. 

Marjalathi, Finland. Fell June 1, t902. Pi. 192 gr. 30 
em. Crystals of Chromite, uncovered and in section. 

Mount Dyrring, New South Wales. Known rgo2. Pk. 
52 gr. 20 cm. Crystals of Chromite, octahedron, dodeca- 
hedron, trapezohedron and two hexakisoctahedra. 

Krasnojarsk, Siberia. Found 1749. Pk. 4 gr. Isolated 
crystals of olivine, olive-green and brown. 

Jamyschewa, Siberia. Found 1885. Pk. 2gr. Isolated 
olivine crystals. 
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Brenham, Kansas. Found 1885. Pk. 50 gr. Isolated 
olivine crystals. 

Brenham. 64 gr. 33cm. Parallel laces of olivine crystals 
in Nickel-iron. 

Estherville, Iowa. Fell May 10, 1879. M. 20 gr. Iso- 
lated individual of olivine. 

Mincy, Missouri. Found 1856. M. 154 gr. 42 cm. Oli- 
vine crystal 5 cm. diameter, in Mesosiderite. 

Eagle Station, Kentucky. Found 1880. Pr. 86 gr. 25 cm. 
Olivine crystals up to 2 cm. diameter, broken, with inserted 
Nickel-iron between the fragments. 

Vaca Muerta, Chile. Found 1861. Mg. Three thin sec- 
tions of an olivine crystal. 

Stannern, Moravia. Fell May 22, 1808. Eu. 130 gr. 25 
cm. Vein of Anorthite in normal Eukrite. 

New Concord, Ohio. Fell March 1, 1860, Cia. 74 gr. 
15cm. Grains of Anorthite in Chondrite. 

Toluca, Mexico. Found 1784. Om. Microscopic prepa- 
ration of crystals of Kosmochlore. 

Saint Caprais, France. Fell January 28, 1883. Ci. 1 gr. 
Iem. Greenish-yellow crystals of Enstatite. 

Fisher, Minnesota. Fell April 9, 1894. Cia. 10 gr. 6 cm. 
Foliated chondrule of Enstatite, 1 cm. diameter. 

Hvittis, Finland. Fell October 21, 1r901. Cek. t1 gr. 
3 cm. Enstatite chondrule, 1 cm. diameter. 

Alfianello, Italy. Fell February 16, 1883. Ci. 36 gr. 12 
em. Chondrules black, gray and striated (black and white). 

Zavid, Bosnia. Fell August 1, 1897. Cia. 24 gr. 7 cm. 
Greenish-gray, fragmentary chondrule of 1 cm. diameter in 
Chondrite. 

Zavid. 71 gr. 12 cm. Dark gray chondrule with white, 
cruciform skeleton. 

Antifona, Italy. Fell February 3, 1890, Cc. 2 gr. 3 cm. 
White chondrule with blue nucleus. 

Kaande, Russia. Fell May 11, 1855. Cw. 12 gr. 4 cm. 
White chondrule of 5 mm. diameter. 

Bath, Dakota. Fell August 29,1892. Ccb. 18 gr. 5 cm. 
Radiated chondrule of white and dark gray sectors with black 


mantle. 
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Chantonay, France. Fell August 5, 1812. Cgb. 176 gr. 35 cm. 
Chondrule of 1 cm. diameter, reticulated hexagonally. 

Bjurbéle, Finland. Fell March 12, 1899. Cca. 128 gr- 
20 cm. Gray, oval chondrule of 1 to 1.3 cm. diameter; iri- 
descent Troilite. 

Bjurbéle. 5 gr. Isolated chondrules. 

Allegan, Michigan. Fell July 10, 1899. Cco. 7 gr. Iso- 
lated chondrules with drusy surface. 

MacKinney, Texas. Fell 1870. Cs. 301 gr. 38 cm. 
Olive-green, black and Troilite-bearing chondrules up to 1 
cm. diameter. 

MacKinney. 280 gr.40cm. Leek-green cross-chondrules, 
1 cm. diameter. 

MacKinney. 26o0gr.38cm. Dull black, rectangular crys- 
talline inclusion. 

MacKinney. 300gr.42cm. Yellow and glassy chondrules. 

Baratta, New South Wales. Fell May, 1845. Cgb. 214 gr. 
40cm. Chondrule with black and white faulted halves; black 
glassy chondrules partly with Nickel-iron, partly with Troi- 
lite mantle. 

Baratta. 196 gr. 42 cm. White, gray, yellow chondrules 
and black glassy chondrules. 

Baratta. 159 gr.39cm. Radiated Troilite-bearing chon- 
drule with Iron mantle; fragmentary chondrules. 

Manbhoom, India. Fell December 22, 1863. Am. 3 gr. 
2cm. Nugget of crystalline Chondrite Ck, isolated from Am- 
photerite. 

Netschajevo, Russia. Found 1846. Obn. 20 gr. 5 cm. 
Nugget of veined crystalline Chondrite Cka, isolated from 
Octahedrite. 

Devitrified molten pitchstone in the form of a radiated 
globe with adhering fragments of glass; 6 cm. diameter. 

VII. System or METEORITES. ' 
STONES—SILICATES PREVAILING. 

A. ACHONDRITES.—Stones poor in Nickel-iron, essentially 
without round chondrules. 

' All groups are defined, whether represented in the collection or 
not. The weights and Roman numbers in parentheses, e. g., Shalka 
(10 gr. VI), refer to specimens listed in foregoing sections (VI constitu- 
ents, etc.). 
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1. Chladnite, Chl. Chiefly Bronzite. 

Shalka, India. Fell November 30, 1850. (10 gr., VI.) 

Ibbenbihren, Germany. Fell June 17, 1870. 4 gr. 3 cm. 

2. Veined Chladnite, Chla. Bronzite with black or metallic 
veins. 

3. Angrite, A. Chiefly Augite. 

4. Chassignite, Cha. Chiefly Olivine. 

Chassigny, France. Fell October 3, 1815, Spl. 1 cm. 

5. Bustite, Bu. Bronzite with Augite. 

6. Amphoterite, Am. Bronzite with Olivine. 

Manbhoom, India. Fell December 22, 1863. 219 gr. 30 
cm. Three sections. (3 gr., VI.) 

Jelica, Servia. Fell December 1, 1889. 126 gr. 25 cm. 
Seven sections. 

7. Rodite, Ro. Bronzite with Olivine, breccia-like. 

Bandong, Java. Fell December 10, 1871. 46 gr. 9 cm. 

8. Eukrite, Eu. Augite with Anorthite. 

Constantinople, Turkey. Fell June, 1805. Spl. 

Stannern, Moravia. Fell June 22, 1808. Two sections. 
(162 gr., IV; 130 gr., V1.) 

Juvinas, France. Fell June 1s, 1821. (21 gr., IV.) 

g. Shergottite, She. Augite with Maskelynite. 

10. Howardite, Ho. Bronzite, Olivine, Augite and Anor- 
thite. 

La Vivionnére, France. Fell July 14, 1845. Spl. 

Zmen, Russia. Fell August, 1858. Spl. 

11. Breccia-like Howardite, Hob. Bronzite, Olivine, Augite 
and Anorthite, breccia-like. 

12. Leucituranolite, L. Leucite, Anorthite, Augite and 
glass. 

B.—CHONDRITES.—Bronzite, Olivine and Nickel-iron, with 
round or round and polyhedric chondrules. 

13. Howarditic Chondrite, Cho. Polyhedric secretions pre- 
vailing, round chondrules scarce. Crust partly bright. 

Borgo San Donino, Italy. Fell April 19, 1808. Two thin 
sections. 

Krahenberg, Germany. Fell April 5, 1869. 2 gr. 1 cm. 

Ottawa, Kansas. Fell April 9, 1876. 65 gr. 12cm. One 
section. 








234 BREZINA—COLLECTIONS OF METEORITES. [April 8, 


14. Veined Howarditic Chondrite, Choa. Polyhedric secre- 
tions prevailing, round chondrules scarce. Black or metallic 
veins. 

15. White Chondrite, Cw. White, rather friable mass with 
scarce, mostly white chondrules. 

Mordvinovka, Russia. Prehistoric. (1 gr., II.) 

Mauerkirchen, Upper Austria. Fell November 20, 1768. 
3 gr. 2 cm. 

Linum, Germany. Fell September 5, 1854. Spl. 1 cm. 

Kaande, Livland. Fell May 11, 1855. 7 gr. 4 cm. (12 
gr., VI.) 

Tourinnes, Belgium. Fell December 7, 1863. 16 gr. 5 cm. 

San Pedro Springs, Texas. Found 1887. 4gr.2cm. 

Pricetown, Ohio. Fell February 13, 1893. 2 gr. 1 cm. 

16. Veined White Chondrite, Cwa. White, rather friable 
mass with scarce, mostly white chondrules; black or metallic 
veins. 

Lucé, France. Fell September 13, 1768. Two thin sec- 
tions. 

Wold Cottage, England. Fell December 13, 1795. Spl. 

Kuleschowka, Russia. Fell March 12, 1811. 1 gr. 1 cm. 

Honolulu, Hawaii. Fell November 27, 1825. 6 gr. 3 cm. 

Drake Creek, Tennessee. Fell May 9, 1827. 2 gr. 1 cm. 

Aumiéres, France. Fell June 3, 1842. (36 gr., IV.) 

Schénenberg, Bavaria. Fell December 25, 1896. 7 gr. 
2cm. 

Marion, lowa. Fell February 25, 1847. 40 gr. 9 cm. 

Girgenti, Italy. Fell February 10, 1853. (132 gr., IV.) 

Scheikahr, Curland. Fell June 2, 1863. 66 gr. 30 cm. 

Senhadja, Algiers. Fell August 25,1865. (145 gr., VI.) 

Grossliebenthal, Russia. Fell November 19, 1881. 79 gr. 
16 cm. 

Mocs, Hungary. Fell February 3, 1882. Thirty thin sec- 
tions. (141 gr., IV.) 

17. Breccia-like White Chondrite, Cwb. White, rather fri- 
able mass with scarce, mostly white chondrules; breccia-like. 

Lissa, Bohemia. Fell September 3, 1808. 3 gr. 3 cm. 

Aleppo, Turkey. Found 1873. (67 gr., IV.) 

Pacula, Mexico. Fell June 18, 1881. 2 gr. 3 cm. 
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18. Intermediate Chondrite, Ci. Firm, polishable mass with 
white and gray chondrules breaking with matrix 

Dhurmsala, India. Fell July 14, 1860. (257 gr., IV.) 

Rakowka, Russia. Fell November 20, 1878. 130 gr. 


30 cm. 
Saint Caprais, France. Fell January 28, 1883. (1 gr., VI.) 
Alfianello, Italy. Fell February 16, 1883. 286 gr. 38 cm. 

(36 gr., VI.) 

19. Veined Intermediate Chondrite, Cia, Firm, polishable 
mass with white and gray chondrules breaking with the matrix; 


black or metallic veins. 

Berlanguillas, Spain. Fell July 8, 181r. 1 gr. 1 cm. 

Durala, India. Fell February 18, 1815. 37 gr. 8 cm. 

Vouillé, France. Fell May 13,1831. 31 gr. 7 cm. 

Macao, Brazil. Fell November 11, 1836. 3 gr. 2 cm. 

Chateau-Renard, France. Fell June 12, 1841. 307 gr. 
33 cm. (80 gr., IV.) 

Mainz, Germany. Found 1852. 26 gr. 6 cm. 

New Concord, Ohio. Fell May 1, 1860. (74 gr., VI.) 

Nerft, Curland. Fell April 12, 1864. 98 gr. 20 cm. 

Maémé, Japan. Fell November 1o, 1886. (97 gr., IV.) 

Long Island, Kansas. Found 1892. 173 gr. 35 cm. 
(160 gr., V.) 

Zabrodje, Russia. Fell September 22, 1893. 4 gr. 3 cm. 

Fisher, Minnesota. Fell April 9, 1894. (208 gr., IV; 1ogr., 
VI.) 

Bori, India. Fell May 9, 1894. 12 gr. 5 cm. 

Lancgon, France. Fell June 20, 1897. 1 gr. 1 cm. 

Zavid, Bosnia. Fell August 1,1897. 147 gr.36cm. Four 
sections. (310 gr., 1V; 162 gr., VI.) 

Gambat, India. Fell September1s5,1897. 1 gr.1 cm. 

Bath Furnace, Kentucky. Fell November 1s, 1902. 5 gr. 
3 cm. 

20. Breccialike Intermediate Chondrite, Cib. Firm, polish- 
able mass, white and gray chondrules breaking with matrix; 
breccialike. 

Laigle, France. Fell April 26, 1803. 47 gr.12cm. Four 
sections. (115 gr., II.) . 

Saint Mesmin, France. Fell May 30, 1866. 8 gr. 4 cm. 
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Laborel, France. Fell June 14,1871. 3 gr. 2 cm. 

Bjelokrynitschie, Russia. Fell January 1, 1887. 7 gr. 5 cm. 

Kansada, Kansas. Found 1894. 25 gr.g cm. (135 gr., 
IV; 194 gr., VI.) 

21. Gray Chondrite, Cg. Firm, gray mass, chondrules of 
various kinds breaking with matrix. 

Knyahinya, Hungary. Fell June 9, 1866. Eight thin sec- 
tions. (423 gr., IV.) 

22. Vetned Gray Chondrite, Cga. Firm, gray mass, chon- 
drules of various kinds breaking with matrix; black or metal- 
lic veins. 

Barbotan, France. Fell July 24, 1890. (9 gr., II.) 

Charsonville, France. Fell November 23, 1810. 153 gr. 


22cm. 
Lasdany, Russia. Fell July 12, 1820. (77 gr., IV.) 
Parnallee, India. Fell February 28, 1857. 40 gr. 11 cm. 
Alessandria, Italy. Fell February 2, 1860. 137 gr. 20 cm. 
(15 gr., IV.) 
Lerici, Italy. Fell January 30, 1868. (6 gr., III.) 


Kerilis, France. Fell November 26, 1874. 39 gr., 14 cm. 

Cronstadt, Orange River Free State. Fell November 19, 
1877. Spl. 41cm. 
23. Breccialike Gray Chondrite, Cgb. Firm, gray mass, 
chondrules of various kinds breaking with matrix; breccia- 
like. 

Chantonnay, France. Fell August 5, 1812. One thin sec- 
tion. (89 gr., 1V; 176 gr., VI.) 

Borodino, Russia. Fell September 5-6, 1812. (5 gr., II.) 

Baratta, New South Wales. Fell May, 1845. (45 gr., IV; 
765 gr., VI.) 

Mez6-Madarasz, Hungary. Fell September 4,1852. 67 gr. 
14 cm. 

Elgueras, Spain. Fell December 6, 1866. 16 gr. 6 cm. 

Pultusk, Russia. Fell January 30, 1868. Four sections. 
(57 gr., III; 639 gr., IV.) 

Homestead, Iowa. Fell February 12, 1875. (62 gr., IV.) 

Stalldalen, Sweden. Fell June 28, 1876. (34 gr., IV; 
37 gr., V.) 

Midt Vaage, Norway. Fell May 20, 1884. 1 gr., 1 cm. 
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24. Orvinite, Co. Black infiltrated mass, fluidal texture; 
surface uneven, crust interrupted. 

Orvinio, Italy. Fell August 31, 1872. 1 gr. 1cm. One 
section. (30 gr., IV.) 

25. Tadjerite, Ct. Black, half-glassy, crust-like mass with- 
out crust on surface. 

26. Black Chondrite, Cs. Dark or black mass, chondrules 
of various kinds breaking with matrix. 

Mikenskoi, Russia. Fell June 28, 1861. 2gr.2em. Two 
sections. 


MacKinney, Kansas. Fell 1870. 243 gr. 45 cm. Five 


Sections. (141 gr., V; 2002 gr., VI.) 

Sevrukof, Russia. Fell May 11, 1874. 19 gr. 8 cm. 

Tschuwaschskaja, Russia. Found 1898. 15 gr. 7 cm. 

27. Vetned Black Chondrite, Csa. Dark or black mass, 
chondrules of various kinds, breaking with matrix; black or 
metallic veins. 

Farmington, Texas. Fell June 25, 1890. 68 gr. 14 cm. 
Two sections. 

28. Ureilite, U. Black mass, chondritic or granular; Iron 
in veins or incoherent. 

Nowo Urej, Russia. Fell September 22, 1886. (14 gr., 
VI.) 

29. Coaly Chondrite, K. Dull black, friable chondrite 
with free carbon, low specific gravity, metallic Iron nearly or 
wholly wanting. 

Cold Bokkeveld, Cape Colony. Fell October 13, 1838. 
2gr.1cm. One section. 

Orgueil, France. Fell May 14,1864. 6gr.5cm. (33 gr., 
V.) 

Nogoya, Argentina. Fell July 1, 1879. 1 gr., 1 cm. 

Mighei, Russia. Fell June 18,1889. 12 gr. 4 cm. 

30. Globular Coaly Chondrite, Ke. Dull gray or black, 
friable mass with free carbon; chondrules not breaking with 
matrix; metallic Nickel-iron. 

31. Vetned Globular Coaly Chondrite, Kca. Dull black firm 
mass with free carbon; chondrules not breaking with matrix; 
metallic veins. a 

Indarch, Russia. Fell April 7, 1891. 136 gr. 16 cm. 
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32. Globular Chondrite, Cc. Friable mass with hard (radi- 
ated) chondrules not breaking with matrix. 

Albareto, Italy. Fell July 1766. (3 gr., I1; Spl. IV.) 

La Baffe, France. Fell September 13,1822. 2 gr. 1 cm. 

Praskoles, Bohemia. Fell October 14, 1824. 11 gr. 5 cm. 

Le Pressoir, France. Fell January 25, 1845. 10 gr. 4 cm. 

Yatoor, India. Fell January 23, 1852. 77 gr. 16 cm. 

Avilez, Mexico. Fell June, 1856. 5 gr. 2 cm. 

Quenggouk, India. Fell December 27,1857. 65 gr. 12cm. 

Aussun, France. Fell December 9, 1858. 110 gr. 17 cm. 

Motta di Conti, Italy. Fell February 29, 1868. 33 gr. 10 
cm. 

Hessle, Sweden. Fell January 1, 1869. 132 gr. 24 cm. 
(23 gr., IV.) 

Sarbanovac, Servia. Fell October 13, 1877. 1 gr. Two 
sections. 

Tieschitz, Bohemia. Fell July 15, 1878. 3 gr. 1 cm. 
Three sections. 

Gnadenfrei, Germany. Fell May 17, 1879. 1 gr. 1 cm. 

Torre, Italy. Fell May 24, 1886. 3 gr. 2 cm. 

Antifona, Italy. Fell February 3, 1890. 232 gr. 33 cm. 
(241 gr., IV; 2 gr., VI.) 

Misshof, Curland. Fell April 10, 1890. 69 gr. 11 cm. 

Mount Browne, New South Wales. Fell July 17, 1902. 
8I gr. 25 cm. 

33. Vetned Globular Chondrite, Cca. Friable mass with 
hard (radiated) chondrules not breaking with matrix; black 
or metallic veins. 

Trenzano, Italy. Fell November 12, 1856. 171 gr. 22 cm. 

Bjurbdéle, Finland. Fell March 12, 1899. 199 gr. 32 cm. 
(61 gr., II; 133 gr., VI.) 

34. Breccia-like Globular Chondrite, Ccb. Friable, breccia- 
like mass with hard (radiated) chondrules not breaking with 
matrix. 

Krawin, Bohemia. Fell July 3, 1753. 6 gr. 3 cm. 

Weston, Connecticut. Fell December 14, 1807. 23 gr. 
4 cm. 

Mooresfort, Ireland. Fell August, 1810. 14 gr. 6 cm. 

Cereseto, Italy. Fell July 17, 1840. 1 gr. 1 cm. 
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Kesen, Japan. Fell May 13, 1850. (8 gr., II.) 

Gnarrenburg, Germany. Fell May 13, 1855. Spl. 

Waconda, Kansas. Found 1874. 35 gr. 11 cm. 

Ochansk, Russia. Fell August 30, 1887. 95 gr. 16 cm., 
16 gr.5 cm. (12 gr., IV.) 

Forest, Iowa. Fell May 2, 1890. Nine sections (83 gr., 
IV.) 

Bath, Dakota. Fell August 29, 1892. 300 gr. 40 cm. 
(18 gr., VI.) 

35. Ornansite,Cco. Friable mass of chondrules. 

Ornans, France. Fell July 11, 1868. 1 gr. 1 cm. 

Warrenton, Missouri. Fell January 3, 1877. 15 gr. 7 cm 

Allegan, Michigan. Fell July 10, 1899. 232 gr. 35 cm. 
(7 gr., VI.) 

36. Ngawite, Cen. Friable breccialike mass of chondrules, 

37. Crystalline Globular Chondrite, Cck. Hardly friable, 
crystalline mass with hard (radiated) chondrules, partly break- 


ing with matrix, partly not. 
Menow, Germany. Fell October 7, 1862. 7 gr. 4 cm. 
Prairie Dog, Kansas. Found 1893. 96 gr. 16 cm. 


Beaver Creek, British Columbia. Fell May 26, 1893. 
gr. 8 cm. , 

Sawtschenskoje, Russia. Fell July 27, 1894. 

Ambapur, India. Fell May 27, 1895. 22 gr. 
sections. 

Saline, Kansas. Fell September 15, 1898. Four sections. 
(67 gr., V; 146 gr., VI.) 

Chervettaz, Switzerland. Fell November 30, 1901. 32 gr. 
8 cm. 

38. Veined Crystalline Globular Chondrite, Ccka. Hardly 
friable, crystalline, veined mass with hard (radiated) chon- 
drules partly breaking with matrix, partly not. 

39. Breccia-like Crystalline Globular Chondrite,Cckb. Hardly 
friable, crystalline, breccia-like mass with hard (radiated) 
chondrules partly breaking with matrix, partly not. 

40. Crystalline Chondrite, Ck. Hard crystalline mass with 
hard (radiated) chondrules breaking with matrix. 

Pillistfer, Livland. Fell August 8, 1863. 187 gr. 33 cm. 
Two sections. 
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Tjabé, Java. Fell September 19, 1869. Two sections. 
Alastoewa, Java. Fell March 1g, 1884. 1 gr. 2 cm. 
Carcote, Chile. Found 1888. (Spl. VI.) 

Gilgoin, New South Wales. Described 1889. 7 gr. 3 cm. 

Guarefia, Spain. Fell July 20, 1892. 5 gr. 3 cm. 

Oakley, Kansas. Found 1895. 195 gr. 38 cm. 

41. Vetned Crystalline Chondrite, Cka. Hard crystalline 
veined mass with hard (radiated) chondrules breaking with 
matrix. 

Kernouvé, France. Fell May 22, 1869. 122 gr 28 cin. 
(173 gr., IV.) 

Pipe Creek, Texas. Found 1887. 87 gr. 31 cm. 

42. Breccialike Crystalline Chondrite, Ckb. Hard, crystal- 
line breccialike mass with hard (radiated) chondrules breaking 


with matrix. 
Ensisheim, Germany. Fell November 16, 1492. (10 gr., 
II.) 
Bluff, Texas. Found 1878. 258gr.42cm. Four sections. 
Amana, Somaliland. Fell July 4, 1889. 174 gr. 36 cm. 


(ror gr., V.) 


C. ENSTATITE-ANORTHITE-CHONDRITE. Enstatite, Anorth- 
ite and Nickel-iron with round chondrules. 

43. Crystalline Enstatite-anorthite Chondrite, Cek. Hard 
crystalline mass with hard (radiated) chondrules. 

Hvittis, Finland. Fell October 21, 1901. 87 gr. 32 cm, 
(11 gr., VI.) 


D. SIDEROLITE.—Transitions of stones to irons. Nickel- 
iron in the mass cohering, on sections separated. 

44. Mesosiderite, M. Crystalline Olivine and Bronzite. 

Hainholz, Germany. Found 1856. (77 gr., VI.) 

Mincy, Missouri. Found 1856. too gr. 23 cm. (294 gr. 
VI.) 

Estherville, Iowa. Fell May 10, 1879. 121 gr. 15 cm, 
(40 gr., IV; 20 gr., VI.) 

Karand, Persia. Fell May, 1880. 26 gr. 10 cm. 

Inca, Chile. Known 1888. 41 gr. 8 cm 

Dofia Inez, Chile. Known 1888. 54 gr. 12 cm. Four 
sections. (15 gr., V.) 
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45. Grahamite, Mg. Crystalline Olivine, Bronzite and 
Plagioclase. 

Vaca Muerta, Chile. Known 1861. 46gr.,14cm. 12 sec- 
tions. (184 gr., III; 63 gr., V; 4 gr., VI.) 

Crab Orchard, Tennessee. Found 1887. 88 gr. 28 cm. 
(35 gr., VI.) 

Morristown, Tennessee. Found 1887. (101 gr., VI.) 

46. Lodranite,Lo. Granular-crystalline Olivine and Bronz- 
ite. 

IRON-METEORITES. METALLIC CONSTITUENTS PREVAILING 

OR ALONE. 


E. LiITHOSIDERITE.—Transition from stones to irons; 
Nickel-iron cohering in mass and on sections. 

47. Siderophyre, Si. Grains of Bronzite with accessory 
Asmanite in the Trias. 

Rittersgriin (Steinbach), Saxony. Found 1843 (1724). 
30 gr. 12 cm. 

48. Pallasite-Krasnojarskgroup, Pk. Rounded crystals of 
Olivine in the Trias. 

Krasnojarsk, Siberia. Found 1749. (25 gr., II; 4gr., VI.) 

Mount Vernon, Kentucky. Found 1868. 300 gr., 42 cm. 

Glorietta, New Mexico. Found 1884. (119 gr., III; 492 
er., IV.) 

Brenham, Kansas. Found 1885. (359 gr., III; 360 gr., 
V; 350 gr., VI.) 

Jamyschewa, Siberia. Found 1885. trogr.4cm. (2 gr., 
VI.) 

Finmarken, Norway. Found 1902. 250 gr., 40 cm. 

Mount Dyrring, New South Wales. Known 1902. (175 
gr., V; 52 gr., VI.) 

49. Pallasite-Rokicky group, Pr. Polyhedral crystals of Oli- 
vine partly broken, and fragments separated by Nickel-iron. 

Eagle, Kentucky. Found 1880. (86 gr., VI.) 

Admire, Kansas. Found 1892. 74 gr. 22 cm. (244 gr., 
V.) 

50. Pallasite-Imilac group, Pi. Olivine crystals cracked and 
squeezed. 

Imilac, Chile. Found 1800. 89 gr., 12 cm. (100 gr. V.) 


PROC. AMER. PHILOS. SOC. XLIII. 176. P. PRINTED JULY 14, 1904, 
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Marjalathi, Finland. Fell June 1, 1902. 259 gr. 33 cm. 
(147 gr., IV; 253 gr., VI.) 

51. Pallasite-Albach group, Pa. Olivine crystals in fine brec- 
ciated Trias. 


F. OcTAHEDRITE.—Kamacite, Taenite and Plessite (Trias), 
in lamella and concamerations of the four octahedron faces. 

52. Finest Octahedrite, Off. Lamelle up to o.2 mm. thick- 
ness. Fields prevailing on lamelle. 

Tazewell, Tennessee. Found 1853. (100 gr., VI.) 

Ranchito, Mexico. Found 1871. (65 gr., V.) 

Butler, Missouri. Found 1874. (5 gr., VI.) 

Carlton, Texas. Found 1887. (147 gr., IV; 413 gr., VI.) 

Ballinoo, Australia. Found 1893. (395 gr., IV; 107 gr., 
VL.) 

Mungindi, New South Wales. Known 1897. (47 gr., VI.) 

53. Fine Octahedrite Victoria group, Ofv. Lamelle of Troi- 
lite and Schreibersite in fine Trias. 


54. Fine Octahedrite, Of. Thickness of lamellz o.2—0.4 mm. 
Santo Domingo Yanhuitlan (Teposcolula), Mexico. Known 


1804. (42 gr., VI.) 

Putnam, Georgia. Found 1839. 22 gr., 5 cm. 

Bethany (Mukerop, Lion River), Namaland. Found 1853. 
(1204 gr., III; 1927 gr., IV; 872 gr., VI.) 

Jewell Hill, North Carolina. Known 1854. 14 gr. 4 cm. 

Lagrange, Kentucky. Found 1860. (29 gr., VI.) 

Smith Mountain, North Carolina. Known 1863. (14 gr., 
IV.) 

Buickeberg, Germany. Found 1863. 12 gr. 3 cm. 

Walker Township, Michigan. Found 1883. (333 gr., VI.) 

Jamestown, Dacotah. Found 1885. (69 gr., IV.) 

Bella Roca, Mexico. Known 1888. 82 gr. 28 cm. (104 
gr., IV; 216 gr., VI.) 

Saint Genevieve, Missouri. Found 1888. 313 gr. 45 cm. 

Thurlow, Canada. Found 1888. (22 gr., VI.) 

Cuernavaca, Mexico. Described 1889. 5 gr. 4 cm. 

Apoala, Mexico. Found 1890. 5 gr. 1 cm. 

Augustinowka, Russia. Found 1890. 39 gr.g cm. (130 
gr., V.) 
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55. Mollified Fine Octahedrite, Ofe. Figures fallen in dis- 
order by mollifying; points instead of Troilite lamelle. 

56. Medium Octahedrite, Om. Thickness of lamelle# o.5-1 
mm. 

Casas Grandes, Mexico. Prehistoric. (102 gr., II.) 

Elbogen, Bohemia. Known 1400. (12 gr., II.) 

LaCaille, France. Known 1600. (25 gr., VI.) 

Adargas, Mexico. Known 1780. 135 gr. 24 cm. 

Descubridora, Mexico. Known 1783. 88 gr. 20 cm. 

Toluca, Mexico. Described 1784. (660 gr., VI.) 

Misteca, Mexico. Described 1784. (128 gr., VI.) 

Pila, Mexico. Known 1784. (240 gr., VI.) 

Burlington, New York. Known 1819. (10 gr., VI.) 

Carthage, Tennessee. Found 1840. 12 gr. 3 cm.. 

Ruffs Mountain, South Carolina. Described 1850. (47 gr., 
VI.) 

Fort Pierre, Nebraska.* Found 1856. (330 gr., VI.) 

Staunton [V, Virginia. Found 1858. 51 gr. 18 cm. 

Trenton, Wisconsin. Found 1858. (57 gr., VI.) 

Coopertown, Tennessee. Known 1860. (49 gr., VI.) 

Nejed, Arabia. Found 1864. 25 gr. 11 cm. 

Caperr, Patagonia. Known 1869. 6 gr. 2 cm. 

Merceditas, Chile. Known 1884. (292 gr., VI.) 

Joe Wright, Arkansas. Found 1884. (15 gr., V; 135 gr., 
VI.) 

Puquios, Chile. Found 1885. (70 gr., IV.) 

Mazapil, Mexico. Fell November 27, 1885. (11 gr., II.) 

Thunda, Queensland. Described 1886. (49 gr., VI.) 

Tonganoxie, Kansas. Found 1886. 40 gr. 25 cm. 

Algoma, Wisconsin. Found 1887. 13 gr., 8 cm. 

Welland, Canada. Found 1888. 85 gr. 25 cm. (11 gr., 
V; 9 gr., VI.) 

Independence, Kentucky. Found 1889. 305 gr. 42 cm. 

Bridgewater, North Carolina. Described 1890. (128 gr., 
IV.) 

Hammersley, Australia. Found 1892. (119 gr., IV.) 

Oroville, California. Known 1893. 18 gr. 3 cm. 

Plymouth, Indiana. Found 1893. (45 gr., VI.) 

El Capitan, New Mexico. Found 1893. 60 gr. 13 cm. 
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Tarapaca, Chile. Known 1894. (264 gr., V.) 

Arlington, Minnesota. Found 1894. (28 gr., IV.) 

Nocoleche, New South Wales. Found 1895. 84 gr. 20 cm. 

Luis Lopez, New Mexico. Found 1896. 34 gr. 6 cm. 

Badger, New Mexico. Known 1897. 17 gr. 5 cm. (1050 
gr., IV; 5 gr., V; 971 gr., VI.) 

Lipan Flats, Texas. Found 1897. (184 gr., V.) 

57. Mollified Medium Octahedrite, Ome. Figures fallen in 
disorder by mollifying; points instead of Taenite lamellz. 

58. Coarse Octahedrites, Og. Thickness of lamelle 1.5-2.0 
mm. 

Tennant’s Iron. Found 1784. (7 gr., VI.) 

Bendego, Brazil. Found 1784. (202 gr., VI.) 

Bohumilitz, Bohemia. Found 1829. 54 gr. 6 cm. 

Wichita, Texas. Found 1836. (168 gr., II: 44 gr., V; 
428 gr., VI.) 

Cosby’s Creek, Tennessee. Found 1837. 22 gr. 5 cm. 
(37 gr., V.) 

Smithville, Tennessee. Found 1840. 39 gr. 7 cm. 

Magura, Hungary. Found 1840. (174 gr., VI.) 

Cranbourne, Victoria. Found 1854. (1 gr., VI.) 

Sarepta, Russia. - Found 1854. (19 gr., IV.) 

Saint Francois, Missouri. Known 1863. (47 gr., VI.) 

Canyon City, California. Found 1872. 100 gr.,12cm. 

Nochtuisk, Siberia. Found 1876. 1 gr. 1 cm. 

Penkarring Rock, Australia. Found 1884. (2 gr., IV; 
73 gr., VI.) 

Silver Crown, Wyoming. Found 1887. (133 gr., IV.) 

Azucar, Chile. Found 1887. (160 gr., IV.) 

Bischttibe, Russia. Found 1888. (263 gr., VI.) 

Cafion Diablo, New Mexico. Found 1891. (173 gr., IV; 
272 gr., VI.) 

Oscuro Mountain, New Mexico. Found1895. (67 gr., IV.) 

Rosario, Honduras. Known 1897. (18 gr., VI.) 

59. Mollified Coarse Octahedrite, Oge. Figures fallen in 
disorder by mollifying; points instead of Taenite lamellz. 

Reed City, Michigan. Found 1895. (122 gr., IV.) 

60. Coarsest Octahedrite, Ogg. Thickness of lamelle 2.5 
mm, and more. 
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Seelasgen, Germany. Found 1847. (72 gr., VI.) 

Union County, Georgia. Described 1853. 11 gr. 3 cm. 

Nelson County, Kentucky. Found 1860. (261 gr., V; 103 
gr., VI.) 

Dacotah, Indian Territory. Found 1863. (90 gr., VI.) 

Sao Juliao, Portugal. Found 1883. 275 gr. 48cm. (493 
gr., V; 599 gr., VI.) 

Mount Joy, Pennsylvania. Found 1887. 57 gr. 7 cm. 
(29 gr.,V.) 

Mooranoppin, Australia. Known 1893. 26 gr. 14 cm. 

Arispe, Mexico. Found 1898. 19 gr. 3 cm. 

61. Breccita-like Octahedrite, Netschajevo group, Obn. Me- 
dium Octahedrite with nuggets of Silicate. 

Netschajevo, Russia. Found 1846. 38 gr.1ocm. (20 gr., 
V1.) 

62. Breccia-like Octahedrite Kodaikanal group, Obk. Fine 
Octahedrite brecciated with nuggets of Silicate. 

63. Breccia-like Octahedrite Copiapo group, Obc. Coarsest 
Octahedrite brecciated with Silicate-nuggets. 

Copiapo, Chile. Found 1863. 4 gr. 2 cm. 

64. Breccia-like Octahedrite Zacatecas group, Obz. Octahe- 
dral nuggets breccialike with globes of Troilite. 

Zacatecas, Mexico. Known1520. 30 gr. 10cm. 

Barranca Blanca, Chile. Found 1855. (17 gr., IV.) 
_ 65. Breccta-like Octahedrite Ngoureyma group, Obzg. Mol- 
ten and tracted Iron of the Zacatecas group. 

Ngoureyma, Algiers. Fell June 15, t900. 173 gr. 40 cm, 
(29 gr., IV.) 


G. HEXAHEDRITE.—Structure and cleavage hexahedral. 

66. Normal Hexahedrite. Neumann-lines ungrained. 

Lime Creek, Alabama. Found 1834. (8 gr., IV.) 

Coahuila, Mexico. Known 1837. (293 gr., VI.) 

Fort Duncan, Texas. Known 1852. 183 gr. 45 cm. (99 
gr., VI.) 

Scottsville, Kentucky. Found 1867. (57 gr., VI.) 

DeSotoville, Alabama. Found 1878. (158 gr., IV; 851 
gr., V1.) 

Hex River, Cape Colony. Found 1882 (216 gr., VI.) 
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Iredell, Texas. Found 1898. 6 gr. 4 cm. 

Murphy, North Carolina. Found 1899. 43 gr., 13 cm. 

67. Grained Hexahedrite, Ha. Structure and cleavage run- 
ning through the whole mass consisting of grains with differ- 
ently orientated sparkling. 

Floyd Mountain, Virginia. Found 1887. (400 gr., VI.) 

68. Brecciated Hexahedrite, Hb. Mass consisting of differ- 
ently orientated hexahedral grains. 

Kendall County, Texas. Known 1887. 299 gr. 41 cm. 


H. Ataxite.—Structure interrupted. 

69. Capegroup, De. Rich in Nickel; sharp (hexahedral?) 
etching bands in dull mass. 

70. Shingle Springs group, Dsh. Richin Nickel; not sharp 
parallel spots. 

71. Babbsmill group, Db. Rich in Nickel; lusterless, homo- 
geneous mass. _ 

Deep Springs, North Carolina. Found 1846. (30 gr., VI.) 

72. Linnville group, Dil. Rich in Nickel; meandering- 
veined or latticed. 

San Cristobal, Chile. Found 1882. (5 gr., V; 411 gr., VI.) 

Ternera, Chile. Described 1891. 1 gr. 1 cm. 

73. Nedagolla group, Dn. Poor in Nickel, grained, no ridges. 

Rafriti, Switzerland. Fell October, 1856. 1 gr. 1 cm. 

Forsyth County, Georgia. Found 1891. 221 gr. 37 cm. 

Ophir, Montana. Found1897. ssgr.30cm. (3o0¢gr., IV.) 

74. Stratic group, Ds. Poor in Nickel; ridges, incisions 
or enveloped Rhabdites. 

Campo del Cielo, Argentina. Found 1873. 8 gr. 2 cm. 

Chesterville, South Carolina. Found 1847. 12 gr. 6 cm. 

Locust Grove, Georgia. Found 1857. (206 gr., VI.) 

75. Primitiva group, Dp. Poor in Nickel; silky streaks and 
luster. 

Primitiva, Chile. Found 1888. 306 gr. 44 cm. (29 gr., 
V1.) Plate VII, Fig. 49. 

76. Muchachos group, Dm. Poor in Nickel, grained, por- 
phyritic with Forsterite. 

Telluric Iron, Tell. 

Ovifac, Disco, Greenland. Found 1808. (795 gr., VI.) 
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Niakornak, Greenland. Found 1819. (1 gr., VI.) 

Sao Francisco, Brazil. Found 1874. (479 gr., V; 26 gr., 
V1.) 

Nikolojewskaja Wosimskaja, Russia. Found 1883. 87 gr. 
8 cm. 

Artificial Products. 

Glowed Steel. (1 gr., VI.) 

Devitrified molten Pitchstone. (VI.) 


IX. DuPpLICATES FOR EXCHANGES. 


In a synoptical collection the duplicates destinated for 
exchanges should be registered separated from the pieces of 
the main collection by three reasons: to avoid the constant 
moving of weights in the catalogue, to avoid parting with 
specimens, which show important peculiarities and to enable 
directors or owners of other collections to arrange proposi- 
tions for exchange. 

As the present article has a more theoretical scope, dupli- 
cates were not registered at all; they form a series of go 
localities in the weight of together 85 kilograms. 


A SYSTEM OF PASSENGER CAR VENTILATION. 


BY CHAS. B. DUDLEY, PH.D., 


CHEMIST, PENNSYLVANIA RAILROAD COMPANY, 
(Read April 8, 1904.) 


The ventilation of passenger cars is no small problem. The 
ordinary passenger coach includes about 4,000 cubic feet of space, 
and the difficulties of the problem will be apparent when it is stated 
that it is proposed to take into this limited space sixty people, to 
keep them in that space for from four to six hours at a time, to keep 
them warm enough for their comfort in winter, to supply them 
with the necessary amount of fresh air, and at the same time to, 
as far as possible, exclude objectionable material from without, 
such as smoke and cinders. It is perhaps not strange, in view of 
the small space and large number of people and the inclemency of 
the weather, that progress in the solution of the problem has been 
slow. It» is believed that the system which will be described is a 
decided step forward in this matter, and while it may not be the 
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final solution, it certainly can be justly claimed that it is a marked 
amelioriation of the conditions which have prevailed heretofore. 

Before proceeding to describe the system, it may perhaps be wise 
to consider briefly a few preliminary questions as follows: 

First, is it possible to properly ventilate a car without having the 
heating system a part of the ventilating system? It will be quite 
obvious on a moment’s reflection, we think, that in the climate in 
which we live unwarmed air, especially in view of the large amount 
of it required, as will appear later, cannot be successfully taken 
through so small a space as a passenger coach in sufficient quantity 
to properly ventilate it. Little argument is needed on this point, 
and in the system to be described the heating system has been 
regarded as an essential feature. A few proposed systems have 
ignored the heating system, but none of them, so far as known, can 
be regarded as efficient in cold weather. 

A second point that deserves a moment’s attention is, ‘‘ When 
can a space be said to be well ventilated, or what is the standard 
of good ventilation?” It is well known that three things are con- 
tinually given off from the bodies of human beings which tend to 
make any space in which they are situated for any length of time 
have the characteristic which is called ‘‘ill ventilated.’’ These 
three things are carbonic acid, water vapor, and a certain sub- 
stance which for want of a better name is commonly called ‘‘ organic 
matter,’’ and which is believed to be the source of the odor. Of 
these three, carbonic acid is easily determined. Those who are 
familiar with the studies that have been devoted to ventilation, and 
which are described in standard works on Hygiene, are aware that 
formerly an arbitrary amount of carbonic acid in the air was taken 
as the measure of good ventilation. It is well known that the 
ordinary outside air contains about four cubic feet of carbonic acid 
in 10,000 of air, and formerly it was customary to say that if the 
carbonic acid in any closed space occupied by human beings did 
not exceed ten cubic feet per 10,000, the space might be regarded 
as well ventilated. Later studies seemed to have changed this view, 
and the test that is now given in the standard works on ventilation 
is that a space can be said to be well ventilated when a person 
coming into that space from the outside air does not detect any 
of the odor which is characteristic of badly ventilated spaces. 
Quite a large number of analyses have been made to determine how 
much carbonic acid is characteristic of air of this kind. The best 
and most careful studies on this subject are probably those given 
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in Parke’s Practical Hygiene, and it is found that when the car- 
bonic acid naturally in the air, is increased by two cubic feet per 
10,000 from human beings, it is possible to begin to detect the 
odor mentioned. So that when an analysis of the air in any closed 
space, which is occupied by human beings, shows not more than 
six cubic feet of carbonic acid per 10,000, it is claimed that the 
space may be regarded as well ventilated. 

The third point to be discussed is, since carbonic acid is given 
off from human beings, and since the amount of it in the air from 
this source is an essential element in ventilation, it is necessary to 
know how much carbonic acid per person per hour goes into the 
air. The same authority already quoted, namely, Parke’s Practica/ 
Hygiene, gives the results of a very large number of experiments on 
this subject. Men usually give off more than women, and children 
less than either. A man in vigorous work gives off more than in 
idleness. The mean of a mixed community, such as may be 
assumed to ride on cars, is 0.60 cubic foot per person per hour. 
It will be seen in a moment where these figures apply. 

Fourth, one of the most important questions in car ventilation 
is, ‘‘ How much air per car per hour is it necessary to take through 
a car in order to have it well ventilated?’’ If the data above 
given are to be trusted, it will be evident that when a car contains 
sixty people, each one giving off on the average 0.60 cubic foot of 
carbonic acid per hour, there will be per hour thirty-six cubic feet 
of carbonic acid to deal with, and the problem becomes how much 
fresh air is it essential to mix with these thirty-six cubic feet of 
carbonic acid, in order that it may be diluted to such an extent 
that it will not add to the carbonic acid already in the air, more 
than two cubic feet per 10,000. The problem may be stated in the 
form of proportion. If 10,009 cubic feet of air are to contain two 
cubic feet of carbonic acid in addition to its normal amount how 
many cubic feet are essential to contain thirty-six? Reducing the 
proportion and the astounding figure is reached that, in order to 
have a passenger car well ventilated according to the data already 
given, it is essential to take through the car 180,000 cubic feet of 
fresh air per hour. This figure may be stated in another way, and 
this is the form in which it is usually given in treatises on ventila- 
tion, namely, it requires 3,000 cubic feet of fresh air per person 
per hour to maintain the air in any closed space in the conditions 
required for good ventilation, according to the standards already 
mentioned. This is hardly. the place to discuss the validity of this 
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figure. There is some difference of opinion as to whether the 
amount is not excessive, and it is perhaps fair to say that the point 
cannot be regarded as satisfactorily settled. It may not be amiss 
to mention that in conversation with Professor Atwater, of the 
Wesleyan University, Middletown, Conn., who has made a large 
number of experiments in the human calorimeter, he stated that the 
inmates of the calorimeter do not complain of drowsiness or of any 
unpleasant feeling even though the carbonic acid reaches a very 
much higher figure than anything that has been mentioned, but do 
complain of drowsiness and languor with occasional headache if 
the amount of moisture in the air gets much above the normal, It 
may not be amiss to mention at this point that, in the system of 
car ventilation to be described, no attempt has been made to get 
the large amount of air mentioned, namely, 180,000 cubic feet per 
car per hour. The experimental work has been limited to an 
attempt to get 60,000 cubic feet of air per car per hour, or about 
1,000 cubic feet of fresh air per person per hour. 

Fifth. One more question must be discussed a little in order 
that what follows may be completely understood, namely, how is it 
possible to measure the amount of air that goes into and out of a 
car per hour? It may be said that attempts to do this by means of 
sizes of apertures and velocity of currents have not succeeded very 
well, and it will be obvious why this should be so, since there are 
a very large number of small apertures in a car, both inlets and out- 
lets, all of which are elements in the problem. No window or door 
is tight, and even though the velocity of the air going out of the 
ventilators is measured, the friction against the sides of the venti- 
lators is such that it is very difficult to get an average figure for ve- 
locity. Accordingly another method has been employed, as follows : 

A car is loaded with a definite number of inmates, and after a 
run under ordinary conditions a sample of the air from the car is 
secured and analyzed for carbonic acid. It may be supposed that 
the analysis shows twelve cubic feet of carbonic acid per 10,000 cubic 
feet of air. But four cubic feet are a normal constituent of the air, 
leaving eight cubic feet coming from the inmates of the car. If 
there were sixty of these and each one gives off carbonic acid at the 
rate of o.60 of a cubic foot per hour, it is obvious thirty-six cubic 
feet per hour are to be dealt with and the problem becomes, ‘‘ How 
much fresh air must be mixed with thirty-six cubic feet of carbonic 
acid from the car inmates, so that the resulting mixture would show 
on analysis eight cubic feet of carbonic acid from the same source 
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per 10,000 of the mixture ?’’ or in other words, if 10,000 cubic feet 
of air contains eight cubic feet of carbonic acid, how many cubic 
feet of air will be required to contain thirty-six cubic feet of car- 
bonic acid on the same ratio? Reducing the proportion and it 
appears that under the conditions assumed, 45,000 cubic feet of 
fresh air per hour would pass through the car. In this illustration 
the amount of air in the car to start with is ignored, since it is not 
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an important element, and since results accurate to a few hundred 
cubic feet are not essential. 

This brings us to the consideration of the ventilating system 
which has been adopted as standard by the Pennsylvania Railroad 
Company, and which is now in daily use on some 800 passenger 
coaches on the lines east of Pittsburg and Erie, and on nearly 200 
coaches on the lines west of Pittsburg and Erie. It may not be 
amiss to say that the development of the system has taken several 
years of study. Avery large number of experiments have been 
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made. Each experiment led to modifications and changes, which 
were followed often by runs on the .road, with analyses of air from 
the cars, the information obtained from each trial being used to 
lead to further modification, until a satisfactory result was obtained. 
Of course, the system as described is the one finally decided on. It 
will be noted by an examination of the plate that, taken as a 
whole, the system is extremely simple. It consists in taking air from 
the outside in through hoods located on what is known as the lower 
deck near the top of the car, and at diagonally opposite corners of 
the car. The opening of the hoods is toward the direction in 
which the car is moving, and, as will be noted a little later, the 
movement of the car is an element in the problem of getting the air 
into the car. The opening is covered with a gauze to exclude large 
cinders. The hood is fitted with a valve operated from the inside 
of the car in such a way that as the car changes direction the 
proper passageway is provided. Frcem the hood the air passes 
through what is technically called a ‘‘ down-take,’’ about roo square 
inches in area, which conducts the air down underneath the floor of 
the car to a passageway which occupies the space between the out- 
side sill, the floor, the first intermediate sill and the false bottom. 
This space has an area of a little over 100 square inches, and extends 
the whole length of the car. From this space the air passes up 
through apertures in the floor into the heater boxes, where it 
is warmed. From the heater boxes the air passes out into tubes 
situated under each seat, and is delivered into the aisle of the car 
from the tubes. From these points it disseminates through the car, 
and finally passes out of the car through ventilators situated along 
the center line of the upper deck. These ventilators may be of any 
approved form. The kind most used thus far has been what 
is known as the ‘‘Globe Ventilator,’’ which ventilator has the 
characteristic that when the car is moving through the air, or when 
the wind is blowing across the ventilator, a suction is produced on 
the air in the car. It will be observed from what has already been 
stated, that there are two things that cause the ventilating air to 
move through the car. First, the heating system. The ventilators 
in the upper deck are situated some two feet higher than the top of 
the hood, and accordingly, when there is heat in the car, or when 
the lamps are lighted, there is the proper ventilating movement of 
air through the car, due to this force. Also it will be noted that 
the movement of the car is an element in the problem likewise. The 
car movement produces pressure in the hood and down-take and the 
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ventilators produce suction as has already been described, and these 
two acting together lead to change of air in the car. The control 
of the system, that is the means by which the amount of air passing 
through the car is diminished, is in the ventilators. | Each venti- 
lator is provided with a register, and when these registers are 
closed the total amount of air passing through the car is diminished 
a little over one-half. It will be observed that by partly closing all 
the ventilators, or closing a part of them, any intermediate figure 
between these two can be obtained. It is found essential to have a 
portion of the passageway in the ventilators over the lamps contin- 
uously open, in order to carry off the products of combustion. The 
register at no time closes this portion of the ventilators over the 
lamps. 

The experimental work having led up to the construction finally 
decided on, it remained to actually put the system to test and see 
exactly what was being obtained. The first experiment was to see 
whether when the car was standing still, and heat was in the car, 
the movement of the air would be in the desired direction, namely, 
into the car through the hood, and out through the ventilators on 
the upper deck. With some systems of car ventilation where the 
movement of the air is almost wholly a function of the movement 
of the train, when the train stops the air movement is in the 
opposite direction, owing to the relation between the heating 
system and the ventilating system. In the system which we are 
dealing with this does not take place, for obvious reasons, namely, 
as has already been stated, the exits are higher than the in-takes. 

The second test concerned the air from the closet. Some anxiety 
was felt as to whether the ventilating system would take air from 
the closet into the car. As a precautionary measure a small 
**Globe’’ ventilator was put in the roof of the closet, and also the 
proportions of parts of the system were designed in such a way that 
when the car was in service, there would be a plenum in the car 
produced by the hood rather than a vacuum produced by the 
suction of the ‘‘Globe’’ ventilators. As a matter of fact, the 
construction finally adopted gave very close to a balance between 
these two features. However, many experiments show without 
question that when the cdr is in motion, and the ventilating system 
in full operation, the air movement is toward the closet, instead of 
from it. 

A third test of the system was to determine the actual amount of 
air passing through the car. In order to decide this question, a car 
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fitted as above described was filled with men from the shops, who 
were paid for their time, under the charge of a foreman, so that 
they could be controlled in the matter of opening doors and 
windows, and a trip was made early in December from Altoona to 
Johnstown and return. Rubber bags and hand bellows were taken 
along with which to secure samples of the airin the car. Steam 
heat was necessary since the temperature outside was from 23 to 30 
degrees Fahrenheit, and neither door nor window was opened dur- 
ing the trip, except that after the proper samples of air had been 
taken at Johnstown the men were allowed some freedom, since a 
wait of a couple of hours must ensue before the return trip could be 
made. The air samples for analysis were taken by pumping air into 
the rubber bags by means of the hand bellows, moving from one 
end of the car and back again in the aisle during the operation, and 
taking the air from about the level of the heads of the passengers. 
The analyses were made immediately after the return. In making 
the air analyses the carbonic acid only was determined, and from this 
was calculated the amount of fresh air taken through the car per 
hour by the ventilating system, the method used being the one 
described earlier in this article. As a matter of fact, there were 
fifty-two men in the car, and being workingmen it was assumed 
that they gave off 0.72 of a cubic foot of carbonic acid each per 
hour. The figures obtained on the trip mentioned are as follows: 





WESTBOUND. 
Per cent. of | Cubic feet of 
carbonic air per car 
actd per hour 
All Globe ventilators closed—Bennington .....| 0.18 26,700 
All Globe ventilators open—Buttermilk Falls . . 0.10 62,400 
All Globe ventilators open—standing twenty 
OE BE POE» cuinvicannscretceuas 0.21 22,000 
EASTBOUND. 
All Globe ventilators closed—Cresson........ . 0.14 37,400 
All Globe ventilators open—McGarvey....... 0.10 62,400 
All Globe ventilators open—standing twenty 
SREDED OE AOGER. Joie cknc ccc csseccesss 0.20 23,400 
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In explanation of the figures it may be stated that the stations 
mentioned denote locations at which air samples were taken. 
Bennington, on the schedule used, is about twenty-three minutes 
from Altoona; Buttermilk Falls is about fifty-seven minutes from 
Bennington, and Johnstown is about ‘ten minutes from Buttermilk 
Falls. Returning, Cresson is about forty-two minutes from Johns- 
town; McGarvey about twenty minutes from Cresson, and Altoona 
about five minutes from McGarvey. These figures will give some 
idea of the interval between samples. 

As has already been stated, the system was designed to give 
60,000 cubic feet of air per car per hour, and it was felt that the 
figures given above show that the system fairly well fulfills the pur- 
pose for which it was designed. Not more than 60,000 cubic feet 
were planned for, for the reason that it was found impossible, as the 
result of experiments made early in the studies on this subject, to 
warm the large amount of air required by theory. While it would 
perhaps be possible to warm more than 60,000 cubic feet of air, yet 
it is always desirable to have some little factor of safety in the 
appliances used, and accordingly, after very careful consultation 
over the matter, it was decided not to attempt to get more than 
60,000 cubic feet per car per hour. 

Two points further were made the subject of test: First, the 
ability to keep the cars warm, even in the severest weather. This 
with the heating system, for which the ventilating system was 
designed, was found to be extremely satisfactory. Careful obser- 
vations were made both on long runs and during severe cold 
blizzards on this point by competent persons, and at no time has 
there been any difficulty in keeping the car comfortable. Further- 
more, the distribution of the heat in the car seems to be entirely 
satisfactory. Even under the influence of severe winds, not more 
than two or three degrees difference in different parts of the car 
are observable. It may be worth while to mention that, as will be 
noted from the description, the ventilating system consists of two 
halves, which are entirely independent of each other, except that 
the heating system on the two sides takes steam from the same 
point. Careful experiments with cars on the road indicate that 
when the wind is directly ahead, the two sides of the car take in 
approximately equal amounts of fresh air. When the wind, how- 
ever, is to the right of the line of motion of the car, that side of 
the car seems to do most of the ventilating, and when it is to the 
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left, that side does the most of the ventilating. This will be 
readily understood from the construction. The curvature of rail- 
roads, however, is so great that this fluctuation in the amount of 
fresh air taken in on the two sides does not, as already stated, 
seriously affect the temperature in different parts of the car. 

The final test made has been as to the ability of the ventilating 
system to exclude objectionable matter, such as smoke, cinders and 
dust. A good deal of interest was felt over this matter at the 
start, and it is to be confessed that anything which is fine enough 
to be carried in the air will ultimately find its way into the car, 
As a matter of fact, it is found that small cinders which pass the 
gauze on the hood of the in-take are distributed more or less along 
the bottom of the space underneath the floor, and it occasionally 
becomes essential to clean these cinders out. Also in going through 
tunnels, sometimes smoke and gases are taken into the car in small 
amount. To meet this difficulty a butterfly valve was put in the 
down-take, and the instructions provide that this shall be closed 
when going through tunnels. Furthermore, the air being taken from 
near the top of the car, dust rarely gets high enough to cause any 
trouble. Smoke from the locomotive usually is either diverted by 
the wind, or is high enough not to reach the in-takes, so that, as a 
matter of fact, less difficulty has been experienced from objection- 
able material going in along with the fresh air than was feared. 
Finally, the air in the car being completely changed once in four 
minutes, it is evident that the inconvenience from temporary foul 
air going into the in-takes is reduced to a minimum. 

The system as described has been in daily use on more or less 
cars, for now some five years, and the criticisms leading to modifi- 
cations have been less than might have been expected. The system 
is being applied to all new cars as fast as they are built, and to other 
cars in the equipment as fast as circumstances will admit. It is 
unfortunate to be compelled to say that the system has not yet been 
applied to a sleeping car. 


Altoona, Penna., April 7, 1904. 
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